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be accompanied by as many pertinent illustrations as possible. As a rule, apparatus, particularly if 
complicated, is best presented by means of line or working drawings. Photographs are sometimes 
sufficient, however. When both can be obtained, it is generally desirable to include both. 

Photographs should have a gloss finish and should be at least post-card size—larger, if possible. 
Only prints which are unblurred and which show sharp contrast between light and dark areas can be 

satisfactorily reproduced 

Line drawings should be carefully prepared in black ink on plain white drawing paper or blue 
drawing cloth, twice or three times the size desired in the printed cut; it is convenient, when permit- 
ted by the scale required, to have them the size of the manuscript. When codrdinate paper is used, it 
should be printed in blue only, with the important coérdinate lines ruled over in black; the black square 
should in general not be less than ten millimeters on a side; the lines of the curves should be the heaviest, 
except the frame; points on the curves should be indicated by true circles, not crosses. ‘The number- 
ing of the codrdinate axes, the number of the figure and any necessary explanations of the figure should 
be written in pencil in the margin of the sheet, as they are usually set up in type rather than reproduced 
from the drawing. All lines, numbers, and letters that are to be reproduced are to be so proportioned 
that they will be clearly legible in the cut. 

‘Tables should be inserted in the body of the manuscript at the proper place. 

All photographs, line drawings, and tables should be provided with self-explanatory titles or 
legends. Each illustration should be marked in pencil on the margin with the name of the author and 
the title of the article to which it refers. 
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EDITOR’S OUTLOOK 


HEN the Sterling Laboratory of Yale University was dedicated 
on April 4, 1923, it was generally known that the day chosen was 
to honor Benjamin Silliman, Yale’s first Professor of Chemistry, who 
took up his duties on April 4, 1804. Silliman’s first 


Benjamin 

ee laboratory and lecture room was a deep, gloomy cellar. 
Silliman, He remarked that the architect’s private opinion must 
1779-1864 ; I 


have been that ‘‘the deeper down in Mother Earth the 
dangerous chemists could be buried, the better.’’ ‘That eventually his 
Alma Mater lifted the laboratory out of the cellar and made it an object 
of pride is due largely to his own struggle for the recognition of science. 
Somewhere among his writings we find this statement: “‘We must fight 
our battles, not in the circumstances and position which we have chosen, 
but in those that are forced upon us, by imperious necessity.”” His own 
career illumines that statement. When Yale decided to establish a Pro- 
fessorship in Chemistry and Natural History, President Dwight, realizing 
the youth of scientific investigation in America, felt it would be better to 
choose a man of known qualities and to train him for the position than to 
risk the appointment of a foreigner. Silliman, who had graduated from 
Yale in 1776 and had later returned as a tutor, was elected to fill this im- 
portant place. We can but marvel at his versatility. A student of law, 
who had shown little or no interest in science, and who, in connection 
with his degree, had submitted an original poem entitled ‘“‘Columbia,”’ 
he turned at once to grapple with the task of preparing himself for this 


” 


new career. 

‘To Philadelphia, then America’s chief center for culture and learning, 
he went to study under Professor Woodhouse, who, he later declared, 
“supplied the first stepping stones by which I was enabled at no distant 
day to mount higher.’’ Doubtless during the hours he spent here in the 
company of Hare and Priestley the chemists, Wistar the anatomist, Bar- 
ton the botanist, Seybert the mineralogist, to mention but a few of his 
colleagues, were formulated the broad views on science and its teachings 
to which he frequently gave expression. From several months’ sojourn in 
Europe in 1805, he seems to have gained much that was of permanent 
value to him. It was while abroad that he became interested in min- 
eralogy and geology, and on his return to Yale he added these two sub- 
jects to his teaching schedule. 

Perhaps we look for a long list of the important researches carried on in 
the underground laboratory. It is true that Silliman was the first 
American scientist to make hydrofluoric acid, that he showed that carbon 
is volatilized in the electric arc, that he discovered bromine in American 
brines. But, for the most part, to him fell the nobler task of inspiration. 


5 





Suse 
Foon 


a 


ee 


iy 














6 JOURNAL OF CHEMICAL EDUCATION January, 1930 


In his own words: ‘‘We wait in vain for continued seasons of leisure 
and repose, in which we may refresh and brighten our faculties, and per- 
fect our knowledge. After we are once engaged in the full career of duty, 
such seasons never come; our powers and our time are placed in incessant 
requisition; there is no discharge in our warfare.’’ Because of his un- 
excelled ability to present scientific facts and his infectious enthusiasm 
his powers were in constant demand, and all time for research was 
crowded out of his life. Many of his biographers try to defend him. 
We think he needs no defense. He belongs preéminently to the ranks of 
“those who labor that others may be wise.” 

While upholding Robert Hare’s claim to the invention of the oxy- 
hydrogen blowpipe, Silliman seems to have realized the need of a publica- 
tion in which American scientists could record and discuss scientific 
discoveries. Accordingly, in 1818, he founded the American Journal of 
Science and Art, America’s first permanent scientific journal. This 
journal ‘‘is intended to embrace the circle of the Physical Sciences, with 
their application to the Arts, and to every useful purpose. . . .While 
Science will be cherished for its own sake, and with a due respect for its 
own inherent dignity; it will also be employed as the handmaid to the 
Arts.”’ ‘The success of this publication is one of Silliman’s greatest claims 
to recognition. 

We feel it necessary to impress upon our readers that we are writing of 
a time not our own; that, in America at least, the cellar was the proper 
place for the chemist, and that religion was rearing an impressive barrier 
to the acceptance of science on the part of the general public. Silliman 
saw no reason why religion and science need conflict. ‘In a word, the 
whole circle of physical science. . . . everywhere demonstrates both su- 
preme intelligence, and harmony and beneficence of design in the Cre- 
ator.”” The deep respect in which he was held for his high Christian 
ideals and profound belief in the Scriptures induced audiences to listen to 
him that otherwise would have rejected all discussion of scientific in- 
vestigation. ‘Without being profound or original, he selected from the 
great storehouse of knowledge, all familiar to him, so judiciously, and 
threw such an enchantment round his theme that all felt a kindling of 
enthusiasm as they listened. They drank in the doctrines of latent 
heat and chemical equivalents, saw through all the forms and laws of 
crystallization, and plainly read in minerals and fossils and rocks of the 
fields the geological eras which stretched back into the immeasurable 
past where no human eye ever saw.’’ As time went on he was more and 
more in demand for public lectures. For instance, from 1840 to 1843 
he gave four public courses in geology and chemistry at Boston. One 
of his colleagues said of him that he was ‘‘the principal medium be- 
tween those who dwelt in the academic shade and the great public.”’ 
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A biographer speaks of him as “‘America’s first great scientific publicist.” 

Yet, for all his power to sway the public, he was perhaps at his best in 
the classroom, teaching, discussing, assisting in every way. In his own 
words, the great object of teaching ‘“‘should be to find our way into the 
mind of the pupil, and to fix there the knowledge that we present.” 
Quite in keeping with this viewpoint, he emphatically stressed visual 
instruction, and modern educators will be interested in the fact that he 
made frequent use of demonstration experiments, which he performed 
with amazing manipulative skill. Some one has remarked that the ‘‘story 
of his laboratory would make a good prelude to the history of univer- 
sity education in this country as distinguished from collegiate.” We 
have sufficient proof of his gift to teach—‘*‘Dana, world-renowned geolo- 
gist and mineralogist; Brush, whose exhaustive inineralogical chemical 
studies are authoritative everywhere; Johnson, pioneer leader in chem- 
istry applied to agriculture; Willard Gibbs, first among physical chem- 
ists of modern times; T. Sterry Hunt, profound in chemical philosophy 
and theory’’—all of them studied as undergraduates under Silliman, and 
all gratefully acknowledged their debt to his inspirational leadership. 

We look to a man’s friendships to complete our estimate of his charac- 
ter. Silliman was highly respected by all with whom he came in contact 
and enjoyed the confidence and friendship of many of the most eminent 
men of his time, both in America and abroad. His dearest friend was 
Robert Hare, whom he met while studying under Professor Woodhouse. 
The correspondence between the two has been preserved and throws much 
light on the development of American science during the middle of the 
nineteenth century. 

Silliman did much that was praiseworthy for Yale University; that 
does not concern us here. It is important to us that he had a wider 
sphere of influence, that American science of today is indebted to him 
for his commanding and genial personality and for his unintermittent 
labors for an adopted profession. 

The Journal gratefully acknowledges its indebtedness to Professor A. J. 
Hill of the Chemistry Department of Yale University for the loan of the 
daguerreotype from which the accompanying frontispiece was made. 
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THE DIALYZER 
Who was America’s first great scientific publicist? (pp. 5-7, 198-9.) 
(For questions 2-6 see pp. 11-26.) 
What is tung oil? What industries are dependent upon it? 
What country has been the source of the world’s supply of tung oil? 
What progress has been made with the cultivation in the United States of the tung- 
oil tree? 
Does the condition of the soil affect the growth and productivity of the tung-oil 
tree? What are the criteria for an optimum soil? 
From what is India ink made? 
Arrange the aqueous solutions of the salts of the (1) heavy metals, (2) alkalies, 
and (3) alkaline earths in the order of their conductance ability. (pp. 30-34.) 
(For questions 8-11 see pp. 35-44.) 
To what woman do we owe the discovery at the beginning of the 18th century of 
a very productive source of electricity? 
What is ‘‘voltaic electricity?” 
What investigator isolated the elements, potassium and sodium? 
Does the size of the electrode cause any variation in the chemical action of a given 
quantity of electricity upon water? 
How may the thermochemistry of high temperatures be taught graphically? 
(pp. 45-9.) 
Are you interested in electrochemical education in England? (pp. 50-60.) 
In what fields of electrochemistry is an analytical training invaluable? (pp. 64-7.) 
What electrical measuring instruments are available for use in laboratory work in 
electrochemistry? (pp. 71-82.) 
What are the educational activities of the Mellon Institute? (pp. 838-96.) 
What is phosgene? Describe its properties. Would you choose winter or summer 
to be placed in an area drenched with mustard gas? (pp. 97-110.) 


Are you interested in a lecture-demonstration method for presenting the subject of 
water of crystallization? (pp. 111-8.) 

Are there any opportunities for American chemistry students to study abroad? 
(pp. 132-9.) 


(For questions 20-22 see pp. 140-52.) 
Do crystal planes really reflect X-rays? 
Why does a pencil of monochromatic X-rays give rise to “reflection’’ only when it 
meets a crystal plane at certain definite angles? 
Assuming the commonly accepted crystal structure for rock salt, how could one 
calculate the distances between atomic centers? 
Name several factors that (1) increase and (2) decrease the carbon dioxide in the 
atmosphere. (pp. 153-64.) 
What shall we teach our chemistry majors? (p. 179). 
Are you acquainted with the ‘‘Code of Ethics” of the teaching profession as 
formulated by the N. E. A.? (p. 183.) 
What is the program for the Third Organic Symposium? (pp. 209-10.) 
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THE TUNG-OIL TREE 


B. F. W1mLuI1AMSON, GAINESVILLE, FLORIDA 


Among the various economic plants that have been introduced into 
Florida in recent years probably none has received more attention than 
the tung-oil tree (Aleurites fordi, Hemsl.). Owing to the unique uses of 
its products and the unreliable nature of the original source of supply it 
has become vitally important to the paint, varnish, electrical, and other 
industries that tung oil be produced in commercial quantities in the 
United States. Florida alone among the states has a climate altogether 
suitable for commercial production. 

Origin 

The tung-oil tree (Aleurites fordi, Hemsl.) is a native of Central and 
Western China. While it may be grown in regions subject to heavy 
frosts, it is injured by severe cold, so that in China its commercial 
culture is limited to the southern portion of its range and is especially 
concentrated in the valley of the Yangtze River. Over ninety per cent 
of the tung oil for export is derived from this region. 


Botany 


The genus Aleurites belongs to the Spurge family (Euphorbiaceae). 
This large pglymorphous family is characterized by a milky latex. The 
seeds contain an oily endosperm. Most of the economic importance of the 
Euphorbiaceae is due to the milky latex or to the stored oil in the seeds. 
Some genera of this family closely related to Aleurites are Hevea (including 
H. brasiliensis, the South American Rubber Tree); Manzhoz (including the 
Casava and the Ceara Rubber Tree); Jatropha (Physic-nut); Ricinus 
(Castor Bean); Sapium (Chinese Tallow Tree); Croton (Croton-Oil 
Plant); and Codiaeum (the so-called ornamental Crotons of the green- 
house). ‘The tung-oil tree is described in detail as follows: 


A. fordi, Hemsl. China Wood-Oil Tree. Tung-Oil Tree. Tung-yu-shu. Tree 
up to 30 feet; leaves ovate-cordate, occasionally 3-lobed on young shoots, no stellate 
pubescence; flowers appearing before the leaves, in numerous few-flowered cymose 
corymbs, 1-1!/2 in. in diameter, white, stained pink, yellow markings at the base of the 
petals, central terminal flowers of each cyme female, the other male; stamens 8-10; 
5 or more celled; fruit smooth, apple-like, about 2 in. long and broad, short-pointed 
at apex, tapering at base slightly; seeds 5 or more compressed, broadly obovoid about 
an inch long and broad, slightly ridged and warty on the outside. China, central province 
from the coast to near the borders of Eastern Thibet, also the southwestern province 


of Hunan and Hupeh. 
History 
Tung oil has been used by the Chinese for many centuries. In a land 
where paper has been an important commodity for several thousand years, 
9 
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an oil with the properties of tung oil is exceptionally valuable, for it is 
used to increase the life of paper and to widen its sphere of usefulness. 
The application of the oil to the preservation of wood and paper seems to 
have been an early development of the ancient Chinese civilization which 
was founded on a different sort of raw material than that of the western 
civilization. At the present time tung oil is a particularly important 
factor in Chinese life, and the numerous uses to which the Chinese have 
put this oil have enabled them to manage exceedingly well without 
rubber. 

It has been stated that the name wood oil is applied to the oils of the 
seeds of Aleurites, because it has been used for many centuries as a wood 
preservative. This appears doubtful, as a further discussion of its history 
will show. Marco Polo observed: “They take some lime and chopped 
hemp, and these they knead together with a certain wood oil; and when 
the three are thoroughly amalgamated they hold like any glue, and with 
this mixture they pay their ships.’ This method of calking ships is as 
common in present-day China as it was over six hundred years ago. 

The first tung oil to be brought into foreign commerce came from South 
China. When the Portuguese began trading with the Chinese in the six- 
teenth century their theatre of operations was around Macao and Canton 
and for three centuries the trade with the west centered in the latter port. 
The only species of Aleurites found in the region back of Canton is A. 
montana. ‘The Chinese name for this tree is Mu-yu-shu or wood-oil tree, 
given to it probably because of the hard woody character of the ripe fruit. 
In this case, as in many others in China, when commerce was extended 
north and west, the foreign name of the plant known at the treaty port 
was given to any related plants which entered into trade. In consequence, 
while the Chinese themselves distinguished sharply between A. montana 
and A. fordi, the trader bought and handled both of the wood oils under 
one name, and it is only comparatively recently that the two species of 
trees have been separated botanically. Furthermore, the pressed oils 
have been mixed, improperly handled, and adulterated, so that it is only 
lately that authoritative samples of pure tung oil have been obtained for 
comparison. 

Although Chinese wood oil has been known for centuries, the first re- 
corded shipment to the United States was made in 1869. Its value was not 
appreciated at first, principally because of the fact that the various gums 
available at that time were so abundant and cheap that there was no 
apparent need for tung oil. But these gums which are found mostly in 
fossil deposits were being rapidly worked out. As a result, a closer ex- 
amination was made of the remaining gums and substitutes. It was 
found that varnishes properly made from tung oil were much more resistant, 
particularly to water, than the older and more expensive varnishes made 
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of linseed oil and fossil gum. Since the beginning of the present cen- 
tury the use of tung oil has become general in paint and varnish manu- 
facture, with a consequent marked improvement in the quality of these 
products. At the present time no substance is known that could take its 


place. 

One reason why tung oil is so valuable is that when it is heated to 
250°C. it changes in a very few minutes from an oil to a gum. Once this 
gum has set, it forms an elastic film that is very durable, insoluble in 
practically all solvents, and highly resistant to water as well as oils. In 
practice it is brought to a temperature at which it would almost solidify 
but a retardant is added so that the change does not occur until after 
the oil has been applied. 

With its enormous population always close to the margin of subsistence, 
China is in no position to enlarge its production of tung oil. Every avail- 
able acre of land must be put in food crops, and at present the trees are 
grown only on land which is too poor for food crops, or around the native 
farms where each farmer may have five to fifteen trees. This area is 
limited and cannot be increased without causing starvation to many 
Chinese. Furthermore, a large portion of the oil produced is required for 
various purposes in China. The absolute dependence of the paint and 
varnish industry upon this substance, the lack of power to control and 
develop tung-oil production in China, the uncertainty in Chinese political 
affairs, the iniversal improper handling and adulteration of the exported 
oil—all these factors make it essential that for the sake of the future se- 
curity of the industry, at least a certain per cent of the production should 
be in the United States. 

According to a recent report of the United States Department of Com- 
merce, tung oil is fourth in importance among chemical imports to the 
United States. We get about nine-tenths of the total quantity exported 
from China, the country of origin. Your telephone wire is insulated with 
a tung-oil compound. Your electric fan motor is insulated with a tung-oil 
compound, as are the cables and dynamos. One electric concern in this 
country uses a million and a half pounds of the oil a year. I am told 
that the little tubes used for cosmetics, tooth paste, and the like, require 
for the making of the coating on them over 250,000 gallons per year. 
Place your foot on the brake of your automobile; the brake band is held 


together with tung oil. Walk across a beautiful, varnished floor; the | 


varnish is made from tung oil. You have noticed some advertisements 
which claim that a varnished floor is not injured by pouring boiling water 
on it. ‘Tung oil is the ingredient of the varnish that makes this possible. 
The outer varnishing on ships and boats of all kinds is spar varnish, which 
can be made according to specifications of the Navy with tung oil only. 
The same is true of the deck paints. Walk into the kitchen; the finish 
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of the linoleum, if it is the beautiful finish that is prevalent today, is pro- 
duced with tung oil. 

Tung oil is used for waterproofing cloth, for the higher grade of oil cloth. 
The Chinese waterproof their paper umbrellas with it. It is used for 
waterproofing masonry and often leather. It is used in the manufacture 
of soap and sometimes it is even burned in lamps. From the husks 
and the residue of the burned oil the Chinese make indelible or India ink. 
It increases the durability of paints, varnishes, and lacquers and pro- 
duces the best waterproof film of any oil that is known. Such a film 
is highly resistant to both oil and water, and while it is now used in quan- 
tities in various industries in this country, more industries are beginning 
to use it and are facing the situation of obtaining a sufficient supply. 

The production is limited. The consumption would be almost unlimited 
if sufficient supply were available. The Chinaman, finding the demand 
increasing, attempts to increase the quantity by adulteration. Recent 
cables have shown that of some 3500 tons on hand at Hankow, 1000 tons 
were unfit for export, due to adulteration. This country can and is be- 
ginning to produce it and finds our American oil lighter in color and 
superior in quality. 

The Chinaman does everything by hand. This country is performing 
operations by machinery. As an illustration, our authorities in China 
tell us that every pound of tung oil coming into this country has passed 
through the hands of six to seven Cftmemen before it gets to the river 
on its way to Hankow, several hundred miles down the river, and is 
packed on Cfifmamen’s backs in baskets made oil-proof by the partial 
drying of the oil-coated paper with which the baskets are lined. Before 
it reaches the river it is packed on human backs from fifteen to seventy- 
five miles; it then goes down through the gorges, finds its way to Hankow, 
is put into tanks, settled, transported by lighters six hundred miles down 
the river to steamers that bring it to the Pacific coast and discharge it 
into storage tanks. From there, it goes into tank cars, barrels, and 
drums, and finds its way to the various users throughout the United 
States. Just think—for tung oil alone we are sending out of the country 
from fifteen to twenty million dollars per year. 

Linseed oil has been the standard oil used in paints and varnishes in 
the past. But tung oil blends with linseed oil and, added to paint, in- 
creases its wearing quality. Numerous instances might be cited in which 
the addition of tung oil has more than doubled the life of a paint and 
produced a smoother, more attractive film. This country produces only 
half of the linseed oil it uses, and the planting in this country amounts 
to 2,931,000 acres per year. Furthermore, each year’s crop is a separate 
venture which must encounter a great many hazards from the time the 
seed is placed in the ground until the seed is in the mill ready for crushing. 
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The United States is sending out of the country over sixty million dollars 
per year for linseed oil. In other words over $75,000,000 per annum 
is being spent to import oils that could be produced here. The average 
production of linseed oil per acre will run from 150 to 160 pounds per acre. 
A single tung-oil tree in the United States has produced in one year over 
thirty pounds of oil. Much of the linseed oil which is now being im- 
ported could be replaced by tung oil produced in. this country, thus re- 
serving nearly $60,000,000 of United States money that is now going 
to foreign countries. 1f our production of tung oil were only 1000 pounds 
per acre, the United States would require 458,443 acres of tung oil. 

The writer has been engaged for the past ten years in breeding high- 
bearing strains of these trees and in improving our methods of cultivation. 
‘The improved trees, much more productive than the original trees, require 
about four or five years before they are valuable commercially. They 
have a bearing life of at least twenty-five or thirty years, and probably 
longer if given good care. ‘The tree has no insect or fungus disease which 
has ever seriously attacked it either in this country, where it was intro- 
duced twenty-five years ago, or in China, where it has been growing for 
thousands of years. 

Much credit is due to our Agricultural Department, to the Department 
of Commerce, and to various scientific and commercial interests for 
finding the most favorable locality in this country and in developing the 
tree to its present state. It is quite evident that in bearing, a tung-oil 
grove will produce several hundred per cent more oil per acre than the 
maximum production possible with linseed, and it is not necessary to plant 
the trees more frequently than every twenty-five to thirty-five years. 

As before mentioned the Chinaman does everything by hand, while in 
America the operations are performed by machinery. Standard ma- 
chinery has now been modified and perfected and is in operation, one unit of 
which is said, by practical men who know China’s conditions, to do the work 
of 700 to 1000 Chinramern:> One unit of this plant can be operated by one 
man of intelligence and two laborers. In the groves cultivation is also 
accomplished by machinery and three to four tractors take care of from 
1800 to 2000 acres. Even then these machines are often standing under 
the shed. ‘The same amount of work with teams and men would require 
at least 100 teams and 40 to 50 men. 

The American oil is far superior to the Chinese oil. It is lighter in color, 
practically neutral, and makes a clearer, more uniform, finished product. 
The Chinese oil is dark in color and usually carries adulteration up to the 
maximum that will pass commercial inspection and tests four to eight 
per cent free fatty acids. 

When a systematic investigation of tung oil in America was begun, 
nearly five years were spent in the study of tung-oil trees wherever they 
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could be found growing in the United States. Trees planted in 1912 and 
1914 were found on the Experiment Station grounds at Gainesville. A 
few trees planted in 1906 and others planted at later dates were found 
around Tallahassee. It was found that trees had been planted as far 
north as the Carolinas and as far west as California. After twenty years 
the government reported the best growth and yield in the Gainesville 
territory. 

‘The Department of Commerce reported the climatic conditions in China 
where the trees grow best are practically identical with those of Gainesville. 
No trees have been found to thrive west of the Mississippi River, probably 
due to the variable temperatures and rainfall. Scattered trees between 
Gainesville and the Mississippi River are growing in various types of soil. 
‘To the west and north the element of danger from cold increases and the 
opportunity for production becomes more uncertain. 

Soil 

A careful study has been made to determine the best soil for the planting 
of these trees. At first plantings were made in groups of twenty-five to 
fifty in the open woods where the native trees had been cut, in dry soils 
without cultivation or fertilization. Some groups were planted where 
the soil was wet. Other groups were planted in new soil, cultivated, but 
not fertilized. Still other groups were planted in old cultivated land 
without fertiization, but with cultivation, and in old cultivated land with 
both cultivation and fertilization. And finally some were planted on 
freshly cleared land with cultivation and fertilization. 

Finding the tree doing much better on some soils than on others, the 
writer set out to find a series of factors by which one could measure physi- 
cally and chemically the optimum soil. The measurement of the degree 
of acidity and alkalinity of the soil suggested itself, and so this test was 
applied to the soils under all the trees that could be found east of the 
Mississippi River. In each case where the trees were thriving the soils 
were found to be slightly acid. 

By this time trees were growing in soils which were very favorable and 
had reached an age of at least five years, indicating that the roots had 
penetrated to a depth of several feet. Deciding that these trees must be 
growing under optimum conditions both as to top soil and the subsoil 
down to several feet, we started to take samples. Core borings were 


made and analyzed at successively increasing depths down to five feet. © 


It was soon found that lime, or any other source of alkalinity, is very 
detrimental to the growth of the tree. ‘Trees planted in soil which was 
favorable to a depth of about three feet but which contained lime below 
that, made a vigorous growth the first year, but in' the second or third 
year they began to stop growing, the leaves turned lyellow or bronzed and 
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became crumpled, the joints shortened and eventually the tips of the 
shoots would die. If left long enough the tree itself would die. Our 
hydrogen-ion tests are quite positive and where neutrality was approached 
or the soil showed a slight alkaline reaction it was reflected in the trees. 
In order to test these findings numerous trees were taken where lime had 
been applied to soil that was distinctly acid. Where the lime had been 
applied‘in quantities sufficient to produce an alkaline condition, trees 
showed distinctly the effect of the lime. Before they had died completely 
they were removed to an optimum soil. Inside of twelve months it was 
impossible to tell that the trees had ever been subjected to an excess of 
lime. 

In other instances, with the help of Dr. Barnette of the Florida Experi- 
ment Station, the writer found soils where the hydrogen-ion content was 
favorable to a depth of five or six feet, but where trees suffered effects 
very similar to those produced by lime except that the yellowing was not 
so distinct in the leaves. The shortening in the joint growth was prac- 
tically the same and there was a distinct bronzing effect in the leaves; 
also the leaves were crumpled. It was found by analysis in these areas 
that while the hydrogen-ion test was favorable and while the tree grew 
well for the first and part of the second year there was a distinct increase 
in the phosphate of lime content in the layers of the soil. As soon as roots 
of the trees reached layers where the phosphate, which was present in 
the form of tricalcium phosphate, was equivalent in concentration to 
1'/2% of P2O;, the tree would begin to die. Before they died, trees were 
transferred from these areas to soil which was optimum. In a year’s 
time they were perfectly normal, healthy trees. 

Small trees were obtained and potted in soil from the levels containing 
one and a half to two per cent of phosphate. The young trees planted 
in the pots acted in the same manner as in the open. The same method 
was pursued where lime was present and the results in the pots con- 
firmed the results in the field. After apparently stunting the plants 
both with the soil containing excess phosphate and the soil containing 
excess lime, these plants were taken out of the pots and put in other pots 
containing optimum soil. They soon grew up into perfectly, healthy, 
normal plants. ‘The photographs show a series of pot tests carried out by 
Dr. Barnette of the Florida Experiment Station. 


Seed Selection 


In studying the various existent plantings I was successful in finding a 
very old tree from which seed was planted and a new grove started. ‘The 
trees in this grove showed remarkable characteristics of the original tree, 
both as to prolific bearing and general appearance of the parent tree, 
the percentage of seedlings which ran true being over ninety-five per cent. 
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Description of Color Plates 


PLATE I. COMPARISON OF AMERICAN (LEFT) AND CHINESE (RIGHT) TUNG OIL * 
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PLATE II.—-TuNG-OIL TREE IN BLOSSOM Hi 
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t PLATE III.—FLOWER CLUSTER OF TuUNG-Om, TREE, Aleurites fordi My 

’ All the blossoms shown in this cluster are staminate (male) flowers except the one e 

: in the upper center which is a pistillate (female) flower. Each cluster is made up of fat 

5 several staminate flowers surrounding one usually, although several, in the case of the cy 

more productive type of tree, pistillate flowers. 
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“ » PLATE IV.—NuRSERY OF YOUNG TuNG-O1m, TREES 
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PLATE V.—FouR-YEAR-OLD CLUSTER-TYPE TUNG-OIL TREE 
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PLATE VI.—TyPpiIcAL FRUIT OF THE CLUSTER-TYPE TuNG-O1, TREE, Wuicu Is THE Ws 
Most PROLIFIC AND THE TYPE DEVELOPED IN THIS COUNTRY z 
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y ; PLATE VII.—Tue RAYNES TREE 





This tree was planted in 1906 by Wm. Raynes who kept a record of the tree for eight vel 

years. In 1914 a storm blew off two of the limbs of the tree. Mr. Young placed a i 

bolt through one of the limbs and the remaining limb that was standing, but did not™ im 

draw the two close together. This left a large exposure of heart, which decayed and 

died. The following year the Raynes house burned and burned off much of one of the 

remaining limbs and the tree remained in a depleted condition until 1923 when the 

e writer started pruning this tree, cleaning out the decayed portion and patching it with 
' cement. Gradual pruning treatment of the tree has continued until it is now coming 
back and producing good crops of fruit showing the wonderful vitality of the tree. t 
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PLATE VII 
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Vor. 7, No. 1 THE TUNG-OIL TREE 
I found trees that were grown from seed from this 
grove, which also showed the characteristics above 
mentioned; and then I found another group of 
trees taken from the third planting showing the 
characteristics of the original tree extending down 
to the fourth generation. The percentage of 
true reproduction in each case ran over ninety 
per cent. 

This suggested and caused the selection of 
best fruit from the most prolific trees, which 
are of the cluster type; that is, instead of having 
a single fruit at the point of the terminal they 
have clusters comprising as high as twelve to 
fourteen fruits. Some of the best yields from 
carefully selected four-year old cluster-type trees 
were a little more than double those of the origi- 
nal average single-type tree. 

The process of seed selection is greatly improv- 
ing the yield of the tree, but this in turn must be 
supported by proper feeding of the tree with the 
right kind of plant food, particularly at the period 
when the tree is undergoing the greatest strain. 
It was found that fertilizer has a very marked 
effect on the formation of the buds and may de- 
termine the formation of fruit buds or leaf buds. 
While trees with naturally small productive 
powers cannot be made to increase their pro- 
duction beyond a limited point, even with proper 
feeding, the naturally prolific bearers are greatly 
affected more by feeding or not feeding the tree 
at the proper time with the proper fertilizer. 

At this point all were anxious to know the time 
of year the buds were formed and at what point 
fruit buds could be distinguished from leaf buds. 
Prof. Abbott, who took some nine thousand buds 
over two complete growing seasons, found that 
buds were formed and that fruit buds could be 
seen under a microscope by taking a cross-section 
of the bud as early as July 3lst. This bud will 
blossom the following spring and develop fruit 
which will ripen in November of the next year. 
In other words, the fruit bud will become complete 
fruit sixteen to eighteen months after it is first 
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Compare white dots with corresponding ones on photograph to the right. 
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discovered in the em- 
bryo. One series of 
these buds is shown in 
the photographs on 
pages 18 and 19. 

In order to get the 
greatest yield it is 
first necessary to se- 
lect the seed from a 
prolific bearing tree 
and feed it properly. 
You will note in the 
photographs on page 
20 two trees that were 
selected fer compara- 
tive feeding tests. One 
was lightly fertilized, 
the other given proper 
fertilizer as near as 
could be determined. 
At the beginning of 
the second growing 
season of the test, one 
of the trees, the lightly 
fertilized one, is small- 
er than it was at the 
end of the first season. 
In its effort to com- 
plete the develop- 
ment of its fruit it has 
sacrificed part of its 
shoot growth. ‘The 
other tree has not 
only developed its 
shoot growth, but 
shows the young fruit 
in abundance. At the 
end of the period the 
better-fed tree had 
made its growth for 
the next year and had 
produced in oil 371/2 
cents more at an addi- 
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AVERAGE SHooT GROWTH ON WELL-FERTILIZED TREE 


This shoot growth is much larger and longer and the 
tree produces more fruit than the lightly fertilized one. 
When opened, the buds on the terminals of the three dis- 
tinctly large shoots shown were all fruit buds. Compare 


with photograph below. 
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AVERAGE TERMINALS FROM LIGHTLY FERTILIZED TREE 


In this case there is only one shoot growth from each 
terminal and a very short shoot growth. The terminal 


buds when opened were both leaf buds. 


photograph above. 


Compare with 
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tional cost of 10 cents for fertilizer. Furthermore, it is evident that the 
poorly fed tree has lost about three years’ time in its development. 

In another fertilization experiment there were ten- to twelve-year old 
trees in a certain area, some of which were planted in a garden. Most of 
the trees in this group received no fertilizer. The trees in the garden 
received fertilizer every year and showed a greater production of fruit 
to the extent that five to seven trees that had not received fertilizer were 
needed to equal the production of one of those that had received fertilizer 
every year. Moreover the unfertilized trees were not half as large. Over 
a period of six years the trees receiving fertilizer every year showed a 
good crop every year. ‘The trees that had not received fertilizer showed a 
fair crop one year and a poor crop the next year, the tree taking a period 
to recover. ‘There were some five different locations at which similar 
conditions were observed. 

The following is a series of results on two groups of trees, the one lightly 
fertilized and the other properly fertilized: 


Brock A—50 TREES Biock B—50 TREES 
YEAR Number of Fruit Number of Fruit 
1927 2,483 2,221 
1928 745 2,975 
1929 7,225 10,281 


10,453 15,477 


These results have been checked and rechecked from various stand- 
points. It is concluded after careful survey that optimum soils can be 
determined by actual chemical and physical tests, that by careful seed 
selection yields may be greatly increased; and that the tendency of the 
tree is to transmit its characteristics. 

Perhaps the reason that transmission is as potent as would be indicated 
by these results is that the trees have been propagated for thousands of 
years from seed. ‘To improve the bearing quality of the trees seed se- 
lection is essential, and in addition proper growing out and feeding of the 
trees are necessary. It is indicated that even a prolific tree if planted 
in a poor soil and not fertilized will deteriorate in productiveness. It is 
important to select the seed from the most prolific trees and it is important 
to place this seed in a properly cared for nursery, so that additional culling 
of imperfect trees shall take place in the nursery. For the plantings in 
the grove should be made only from the most vigorous trees from the most 
prolific stock, and in optimum soil, properly cultivated and properly fed, 
to produce the greatest yield at the smallest cost. 

Undoubtedly, if these precautions are taken, the industry will become 
a very large profitable industry to the growers, and give to the United 
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Cross-SECTION OF Fruit oF TuNG-O1, TREE 
The meat of the seed is white and decidedly oily. 

















Fruit oF Tunc-O1, TREE 


The upper pictures show the seeds about one-hal& natural size. The lower pictures 
show the characteristic position of the seeds within the husk of the fruit. 
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States a necessity that it is now getting only in limited quantities of in- 
ferior quality at a cost of many million dollars per year. 
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Universal Indicator. A universal indicator which gives the colors of the spectrum 
from orange-red to reddish violet at pH 3-11.5 has been described in the Pharm. Week- 
blad (1928, volume 65, pp. 1246-1249). The composition is as follows: Methyl orange 
0.1 g., methyl red 0.04 g., bromthymol blue 0.4 g., phenolphthalein 0.5 g., naphthol- 
phthalein 0.32 g., cresolphthalein 1.6 g., made up with ether to 100 cc.—Chem. Age 





MODERN METHODS OF TEACHING ELECTROCHEMISTRY* 


Roy LL. DORRANCE, QUEEN’S UNIVERSITY, KINGSTON, CANADA 


An educational institution may be looked upon as a manufacturing es- 
tablishment, whose finished product is a developed mind; and since trained 
and developed minds are the greatest asset of the world, the educational 
institutions are turning out the highest type of finished product. 

The problem which confronts the teacher of electrochemistry is, there- 
fore, two-fold; he must develop the minds of those who attend his classes, 
and in particular along the lines of electrochemistry. In view of the rela- 
tively small number of students in attendance at courses of electrochem- 
istry who find employment in electrochemical industries, it would follow 
that the chief duty of the teacher is to develop the student’s mind through 
the medium of electrochemistry. 

There is a distinct difference in the character of undergraduate and post- 
graduate instruction, due to the diversity of subjects studied by the under- 
graduate and the specialization by the graduate student. In engineering 
colleges, the student attends lectures in all branches of engineering, prior 
to graduation, but if he returns for graduate study he specializes in one 
particular branch of one line of engineering. Thus, a student who plans to 
graduate in chemistry receives instruction not only in inorganic, organic, and 
physical chemistry, but also in other branches of engineering and allied 
subjects, such as mathematics and physics, but if he returns to proceed to 
a graduate degree, he specializes in one particular field of chemistry, and 
considers the other fields as “‘minors,’’ usually to the neglect of all other 
branches of engineering, outside of chemistry. ‘The teacher of electro- 
chemistry must then develop his students’ minds, so that they will be able 
to think, and also have sufficient information to enable them to carry on 
investigational work, if they desire to specialize in electrochemistry, either 
in postgraduate or industrial work. 

As a medium through which the student’s mind may be developed, chem- 
istry is one of the fittest subjects, since it has an interesting and logical 
historical development and is, above all, an exact science. 

The subject matter, which should be included in any course of electro- 
chemistry, must be left to the discretion of the teacher. No uniform prac- 
tice is followed in Canadian and American colleges in planning courses of 
study, and various instructors have students in attendance at their lec-. 
tures, who have not had the same preliminary training. At Queen’s Uni- 
versity, the course in electrochemistry is given as part of the general in- 
struction in physical chemistry, and is attended by students in their senior 
year, who are graduating as chemists, metallurgical engineers, and chemi- 

* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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cal engineers. The teacher then must arrange his lectures so that each 
student will be benefited. 

A course in electrochemistry ought to include the history of electro- 
chemistry, with special emphasis on the theories advanced by various ex- 
perimenters, and show, when new facts were discovered, that the older 
theories failed to meet them and new theories were advanced, giving way in 
their turn to still newer theories. In this development the student will 
become familiar with the great chemists of the past, Galvani, Volta, Davy, 
Faraday, and many others. He ought to realize the amazing results they 
achieved with the apparatus they used, limited both as to quantity and 
sensibility. ‘The student of today is often too prone to blame an incorrect 
result of his experiment on the fact that his ammeter was not finely enough 
calibrated. 

The subsequent subject matter usually discussed includes Faraday’s 
laws, migration or transport numbers, conductivities and electromotive 
force with its many ramifications, electromotive series, polarization, over- 
voltage, decomposition voltage, etc. The lectures will include the meth- 
ods of measuring the quantities discussed, and their application in indus- 
trial chemistry. In this connection I would like to express my appreciation 
of the valuable aid I have received from the catalogs, bulletins, etc., pub- 
lished and so willingly given by the manufacturers. 

The student ought to be familiar with the literature of the subject, 
Transactions of the American Electrochemical Society, Transactions of the 
Faraday Society, Zeitschrift fir Elektrochemie, etc., and the various text- 
books on electrochemistry, both theoretical and applied. If his instruction 
has been proper he will be able to read them intelligently. In this way he 
will also become familiar with the men who are engaged in electrochemical 
work. 

How this subject matter should be presented, so that the student will be 
most benefited, is the problem of every teacher. Some teachers have called 
to their aid developments in contemporary science, such as the ‘‘movie.” 
Personally, I have had no experience with the moving picture film as a 
teaching medium, and I am prejudiced against its use. In my opinion the 
use of a film would cause the lecture period to degenerate into an entertain- 
ment hour, with the consequent decrease of mental activity on the student’s 
part. Furthermore, if it is the teacher’s aim to impart principles, this 
can best be done by the use of blackboard and chalk. If the film is used it 
must be carefully prepared, and not be like some ot the movies, as is the 
case when certain popular books have been adapted for the screen, the 
only resemblance often being the title and the names of the characters. 

I do not hold the same opinion of the presentation of slides and pictures 
by the lantern, for the reproduction of actual apparatus and results. Thus 
in the discussion of the hydrogen electrode, its use and applications, it is 
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much better to show the apparatus as listed in a text or catalog, as well as 
the various types of curves obtained in the titrations, than to attempt to re- 
produce these on the blackboard. ‘The reproductions are much superior, 
and save the teacher’s time. 

To my mind the principles taught can be impressed on the student in the 
best way by the use of problems. ‘The student thus learns the real mean- 
ing of the terms discussed in the lectures, and he has to think to be able 
to solve the problems. Professor Daniels! at the symposium on ‘“The 
Teaching of Physical Chemistry,’’ Swampscott, Mass., September, 1928, 
emphasized the mathematical requirements for students specializing in 
chemistry while Professor Sherrill,? at the same symposium, stressed the 
problem method of teaching physical chemistry. These two go hand in 
hand. A student must use his mathematics to solve problems. I know of 
no text which specializes in problems in electrochemistry, but such texts as 
Partington and Tweedy, Prideaux, Noyes and Sherrill, Knox, Getman, and 
other texts in physical chemistry, usually contain a number of problems in 
electrochemistry. 

1 THs JOURNAL, 6, 254-9 (Feb., 1929). 
2 Ibid., pp. 260-2. 


UNITED STATES CIVIL-SERVICE EXAMINATION 


The United States Civil-Service Commission announces an open competitive ex- 
amination for JUNIOR CHEMICAL ENGINEER. Applications must be on file with the 
Civil-Service Commission at Washington, D. C., not later than February 4, 1930. 

The examination is to fill vacancies in various branches of the service throughout 
the United States. 

The entrance salary for positions in Washington, D. C., is $2000 a year. For 
appointment outside of Washington, D. C., the salary will be approximately the same. 
Higher-salaried positions are filled through promotion. 

The duties are to perform routine testing, inspection of engineering material, draw- 
ing up plans for minor projects, preparing specifications for engineering material or 
apparatus, performing field work, making computations, preparing maps, assisting in 
conduct of experimental research tests, compiling reports, and handling technical cor- 
respondence. 

Competitors will be rated on general physics, mathematics, general engineering, 
and chemical engineering. 

Senior students will be admitted to the examination. 

Full information may be obtained from the United States Civil-Service Com- 


mission, Washington, D. C., or from the secretary of the United States Civil-Service 


Board of Examiners at the post office or customhouse in any city. 


Iodine from Kelp. ‘Trials are being carried out on the west coast of Scotland with 
a new harvesting machine which, it is claimed, will make it possible and profitable to 
revive the old-time industry as a source of iodine, as much as 15 lb. of iodine being some- 
times obtainable per ton of kelp.— Chem. & Ind. 





ON THE TEACHING OF ELECTROCHEMISTRY* 


Louis KAHLENBERG, UNIVERSITY OF WISCONSIN, MADISON, WISCONSIN 


Electrochemistry deals with all of the various relationships of chemistry 
and electricity. Now that electricity itself is regarded as material in char- 
acter, electrochemistry has assumed a more important place than ever in 
the college curriculum. In many institutions the subject is taught in con- 
nection with other chemistry courses, particularly in connection with the 
subject of physical chemistry, of which it is really a part. In our larger 
universities and technical schools, however, special courses in electrochem- 
istry are offered. 

In the teaching of electrochemistry, the subject should obviously be pre- 
sented in such a way that the student may become acquainted with all of 
the important aspects of this branch of science. General training in chem- 
istry and physics should precede a course in electrochemistry. The latter 
should be so conducted that the student gets the fundamental facts and 
laws, the various current theoretical conceptions and explanations, and 
also grasps the more important practical applications and possibilities of 
the subject. 

All of this teaching should be done in such a way as to arouse and main- 
tain a keen interest on the part of the student so that he will be led to see 
the beautiful relationships between electricity and chemistry, and finally 
will long to go on to study these relationships further. Indeed, the test of 
the final success of the teaching of electrochemistry is the same as that of 
teaching any other scientific subject, namely, the student must be so well 
informed and inspired that he grasps the subject thoroughly and longs to 
go on with it after the formal time devoted to it has elapsed. 

Without such a culmination, the course is really a failure. Such a suc- 
cessful culmination can obviously not be attained without a well-informed, 
enthusiastic teacher. This is the sve qua non in the teaching of electro- 
chemistry, as well as in any other pedagogical endeavor. A teacher thus 
well-grounded in the subject, and able to present it and inspire the student, 
will not attempt to confine the course to presentations in the lecture room 
and recitation room; but he will rely largely on the laboratory as the proper 
place for instruction. 

Here the student comes in contact with the things themselves, and thus 
acquires the basis for real understanding which is necessary to comprehend 
what is afterward discussed in lecture and recitation. Nothing can take 
the place of the laboratory in the study of any branch of physical science, 
and this is particularly true of the study of electrochemistry. The op- 
portunity which the student has of working with the instructor in the labo- 

* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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ratory and the personal touch and attention he gets are all important. It 
is here that original ideas are born, from a study of the phenomena ob- 
served; it is here that these ideas are tested out and corrected; it is here 
that the value of current theoretical views is appreciated and also properly 
discounted. 

Lectures, quizzes, and laboratory work all have their place. In the 
lecture the broader and fundamental aspects of the subject are to be pre- 
sented, and enthusiasm is to be aroused. The beautiful and intensely in- 
teresting historical development of electrochemistry will greatly aid here. 
This is generally sadly neglected in teaching electrochemistry. The his- 
torical development studied in a critical, yet appreciative spirit, has wonder- 
ful educational value. With it as a basis, the teacher gradually leads up 
to the current theoretical conceptions, which at once stand out in the mind 
of the student in their beautiful perspective; but they also at the same time 
exhibit their striking weakness and inadequacy, so that he longs to proceed 
to obtain truer and more fruitful ideas. 

This naturally leads to more intensified work in the laboratory. It also 
leads to a more careful perusal of the original writings of the masters of 
electrochemistry in the library, and it really lifts both student and teacher 
into higher realms of philosophical activity, which is the real enjoyment 
that comes from the pursuit of science. Applications will naturally come 
thick and fast as side issues from this, the true pursuit of the science. 
They will be obvious right along as the study in the laboratory proceeds. 

Discussions in the quiz room have great value, for they offer an oppor- 
tunity for the exchange of views between teacher and student. Such exer- 
cises should be conducted in a helpful spirit. Freedom and informality 
should prevail, and in no case should the student be made to feel that the 
quiz hour is a time in which he is to be examined as to the extent of his 
knowledge in order that the teacher may grade his work properly, which 
is unfortunately so often the use made of so-called recitations. 

From what has been said, it is clear that it would be a fatal mistake to 
present to the student at the outset current electrochemical theories, and 
then proceed from these in a deductive manner. ‘This is only too frequently 
done, and it has the effect of giving the student the idea that all important 
matters in electrochemistry are already well settled, when such is far from 
being the case. It also results in the student’s viewing all the things studied 
in the laboratory in the light of the views thus dogmatically and deduc- 
tively taught in lecture room and quiz. Nothing could be more stultifying. 
Indeed, the slow progress of our science in recent years is due to such dog- 
matic teaching, more than to any other one thing. 

The student should learn all of the current conceptions. He should know 
these thoroughly. ‘That is to say, he should know not only what they are, 
but also what they are based upon, how they grew up, why they have been 
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useful, and why they are not adequate. No dogmatic, smug, content form 
of teaching, which is only too prevalent, will give the student this thorough- 
going information, and emancipate him, as he proceeds, from the thraldom 
of preconceived notions, which every great master has always considered 
the greatest bar to scientific progress. 

It is not the purpose of this paper to present the details of any course of 
teaching electrochemistry. Such details will depend upon a number of 
factors, such as the time and facilities available for the course of instruction. 
The preparation of the student, and particularly the interest and enthusi- 
asm and special inclinations of the teacher, are vital points in determining 
both the content and the method of a course in electrochemistry. All that 
will be attempted here is to indicate in a general way what a course in elec- 
trochemistry should comprehend, leaving it to the individual teacher to 
work out the details. 

Since many chemical changes are readily brought about by electrolysis, 
instruction in electrochemistry will naturally center around that process. 
This instruction should be given in the laboratory, where by well-chosen 
experiments the student will learn the difference between first-class and 
second-class conductors and also be taught what kinds of substances are 
electrolytes. 

Simple apparatus yielding qualitative or quasi-quantitative results will 
in a few hours enable a student to appreciate that many fused salts are 
electrolytes while others are not, that many pure liquids are poor conduc- 
tors while others conduct well, that in some cases when solutions are formed 
by mixing poor conductors good electrolytes result, while in other instances 
this is not the case. He will learn that in general electrolytes conduct 
better the higher the temperature, while the opposite is true of first-class 
conductors. He willsee that many aqueous solutions are electrolytes, while 
many others are not; that of the aqueous solutions those of the strong min- 
eral acids conduct best, those of the hydroxides of the alkalies come next, 
and those of the various salts follow. 

He will learn that of the aqueous solutions of the salts those of the al- 
kalies conduct best, those of the alkaline earths next best, and those of the 
heavy metals bring up the rear. ‘This study of electrolytes is sure to create 
intense interest on the part of the student, and it is easy to follow up these 
laboratory experiments with a few typical, sharply quantitative ones, in 
connection with which the ideas of specific conductance can be explained. 

The current conception of the change in molecular conductance with 
dilution, can be brought out in this connection, and the substance of the 
Arrhenius theory of electrolytic dissociation can be presented. ‘The 
teacher should here point out how this theory developed from a supposed 
connection between freezing-point and boiling-point studies of solutions, and 
their molecular conductances. ‘The wise teacher will in this connection 
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also have the student compare the conductance of such solutions as mag- 
nesium sulfate with the molecular weight of that salt by cryoscopic and 
ebullioscopic methods; this will at once bring to the mind of the student 
the inadequacy of the theory, which can be further enforced by a similar 
study of soap solutions, etc. 

Faraday’s law should be studied in the laboratory by appropriate experi- 
ments. ‘The character of the electrolytic deposits, as dependent upon 
nature of the electrolyte, temperature, impressed e. m. f., current density, 
should be the object of special study. ‘The changes in concentration that 
occur around the electrolytes during electrolysis will prove to be of special 
interest, and a few Hittorf transference numbers can be determined in this 
connection, so as to develop the views of that investigator. 

Such topics as decomposition potentials, overvoltages, single potentials, 
the electrochemical series of the metals, can be developed by a few well- 
chosen laboratory exercises. The subject of electrolytic corrosion can 
easily be brought to the attention of the student in this connection. The 
application of electrolysis to electroplating, the formation of chemical 
compounds, the production of gases on a commercial scale, etc., will prove 
highly interesting as the studies proceed in the laboratory. 

The class in electrochemistry will derive great benefit from brief considera- 
tion of such topics as thermoelectricity, thermopiles, the discharge of elec- 
tricity through gases, and the theories and applications growing out of these 
phenomena, Such studies extend the horizon of the student, and awaken 
a keen interest in the interpretation of observed electrical phenomena, es- 
pecially as we meet them in electrolytic processes of various kinds. ‘The 
constructively speculative attitude of mind is fostered by such considera- 
tion, and the student will be led to see the inadequacies of our present-day 
theories of electricity and electrochemical processes, by transcending the 
preconceived notions that hamper us to such an extent that they are fre- 
quently an effective bar to progress. 

If time and facilities permit, the subject of electrothermics certainly 
should be considered in a course of electrochemistry. Unfortunately, 
only the larger universities and technical schools can at the present time 
offer work with electric furnaces. The different types of such furnaces 
should be called to the attention of the student, and the uses to which these 
types have been put should be illustrated. This work should be done in 
the laboratory, of course, and it calls for equipment and space which but 
few schools possess. For this reason, electric furnace work is usually not: 
stressed in courses in electrochemistry, and is omitted entirely in most cases. 
This is rather unfortunate, for electric furnace work has a real future, and 
its pursuit is instructive and fascinating. 

In summary, then, this paper is a plea for the study of electrochemistry 
by means of well-chosen and well-conducted exercises in the laboratory. 
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Based upon first-hand laboratory experience, theoretical conceptions should 
be developed, and their value and also their shortcomings should receive 
consideration. Practical applications should be called to mind throughout 
the course of study. Constructive theoretical ideas should be developed, 
which necessitates delving into the general subject of the nature and laws 
of electricity. 

In arranging the details of his course, the teacher must be guided by the 
advancement of his students, by what they hope to accomplish, and by 
the time and laboratory and library facilities at his disposal. For these 
reasons no detailed lists of exercises have been presented, but the principles 
which guide and determine the prescribed work in a course in electrochem- 
istry have been stressed. 


UNITED STATES CIVIL-SERVICE EXAMINATIONS 


The United States Civil-Service Commission announces the following open com- 
petitive examinations: Puysical CHEMIST, $3800 to $4400 a year; AssocIATE CHEM- 
1st, $3200 to $3700 a year; AssisTaANt CHEMIST, $2600 to $3100 a year. Applications 
must be on file with the Civil-Service Commission at Washington, D. C., not later than 
December 31st. 

The examinations are to fill vacancies in the Federal classified civil service, for 
duty in Washington, D. C., or in the field. 

The optional subjects for associate and assistant chemist are (1) advanced inor- 
ganic chemistry, (2) analytical chemistry, (8) organic chemistry, and (4) physical 
chemistry. 

Competitors will not be required to report for examination at any place, but will 
be rated on their education, training, and experience, and on a publication or thesis. 

Full information may be obtained from the United States Civil-Service Commission, 
Washington, D. C., or the secretary of the United States Civil-Service Board of Ex- 
aminers at the post office or customhouse in any city. 


New Anemia Remedy Inspired by British Discovery. The new remedy for per- 
nicious anemia, dried hog’s stomach, was partly inspired by the work of a British 
scientist, Dr. W. B. Castle. In pernicious anemia the red blood cells fail to mature 
properly. Dr. Castle demonstrated that the stomach of normal persons secretes a sub- 
stance which could develop a blood-maturing principle from meat. Consideration of 
this led the University of Michigan scientists, Drs. Cyrus C. Sturgis and Raphael 
Isaacs, to test the effect of stomach tissue itself. 

Working on much the same theory, Dr. Elwood A. Sharp of the Department of 
Experimental Medicine, Parke, Davis and Co., arrived at a similar decision. The three 
scientists then developed the new remedy together. 

Dr. Sharp believes it likely that liver or liver extracts supply an essential sub- 
stance which is easily formed from ordinary food in the normal stomach but which is 
imperfectly or scantily formed in the abnormal type of stomach found in the patient 
suffering from pernicious anemia. 

The search for this essential substance is now engaging the attention of the three 
scientists.—Science Service 





THE BEGINNINGS OF ELECTROCHEMICAL ACTIVITIES* 


J. LYMAN SHEEAN, CULVER MiIniTary ACADEMY, CULVER, INDIANA 


To make a study of electrochemistry one must have an understanding of 
energy, the capacity for doing work. Energy has been classified into five 
types, namely: mechanical, heat, electrical, chemical, and radiant. We 
are interested vitally in the combination of electrical and chemical energies 
in this discussion. 

If one is to follow the outline and bibliography of P. F. Mottelay,' we 
should have to start the history of electrochemistry at the year 1800 with 
the work of Nicholson and Carlisle, but with all due respect to those who 
followed, I feel we must get an insight into the lives of the earlier men, for 
we then can better understand the present in the light of past endeavors. 


Frictional Electricity 


Let us delve into history and bring out facts of the past. Over 2500 
years ago, Thales of Miletus (probably 640-546 B. C.) recorded the fact 
that under certain conditions amber possessed the power of attracting light 
bodies, for example, feathers, paper, etc. ‘Thales has left no records which 
come to us directly, but we are indebted to Aristotle for the records that 


we have. Later it was discovered that the above-mentioned property was 
not confined to amber alone, but the discovery was made long after the 
death of Thales. 

The phenomena of atmospheric electricity, lightning, St. Elmo’s fire, 
aurora borealis, etc., have been known for centuries, but their consideration 
as electric phenomena is of quite recent date. Frictional electricity was 
known before dynamic electricity. In the Tyler museum, according to 
Arrhenius, we find an electric machine which was used to revivify oxidized 
metal, in this manner, 2HgO + spark = 2Hg+ O2. Priestley investigated 
the action of a spark in air, and he obtained an acid which he called car- 
bonic, until Cavendish recognized it as nitric. Van Marum studied the 
behavior of gases in sparks, and this led to the discovery of ozone. 

In 1640 Von Guericke made an electrical machine, consisting of a ball of 
sulfur mounted on a shaft and revolved by means of a crank. ‘The ball 
was electrified by friction against the hands of the operator. In 1670 New- 
ton duplicated the experiment using a glass globe. In 1705 Hawskbee 
produced a machine similar to Newton’s, and later development showed. 
that the size of the cylinder or plate, as well as the speed at which it re- 
volves, had something to do with the length of the spark and the quantity 
of electricity produced. Some machines were made over twenty feet 

* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
1 Trans. Am. Electrochem. Soc., 13, 453 (1908). 
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(6.1 m.) in height and the revolving plate was ten feet (3 m.) in diameter, 
so that a spark over two feet (0.6 m.) long was made. 

The year 1770 found Coulomb the designer of a machine called the 
“torsion balance,” in which he could measure the force of electrical repul- 
sion, and he found it to be inversely as the square of the space or distance. 
Holtz in Berlin made a machine which gave a spark, the length of which 
is over half the diameter of its revolving plate. Wimhurst made a still 
more efficient machine, which today finds a big use in the X-ray work. 

Up to the beginning of the 18th century our knowledge of electricity was 
limited, but it was enhanced in that year by the work of William Gilbert, 
for he was the first man to declare that rubbing of a material was necessary 
for the production of electricity. In 1733 Dufay, a Frenchman, stated 
there were two kinds of electricity, the first produced on glass, called vitre- 
ous electricity, and the other that produced on sealing wax, called resin- 
ous electricity. 

At the end of the 18th century five different sources of electricity were 
known. It is said that Franklin at first understood only one source, that 
of friction, but he observed by that classical kite experiment, so familiar to 
all, that the atmosphere was a second source. Wilkes found the third 
source by solidifying fused substances; this type he named ‘‘electricitas 
spontanea.”’ ‘The warming of tourmaline became a fourth source, which 
never received much attention from students. The fifth source was that 
offered by living organisms, for it was observed that certain fish have the 
power of producing electric shocks. ‘The most common of these shock-pro- 
ducing fish are the gymnotus, torpedo fish, and the silurus. 


Galvani 


Nevertheless the greatest electrical discovery of the eighteenth century, 
the one which attracted the attention of the foremost investigators of the 
time, and which has proved to be a discovery of a much more productive 
source of electricity than was previously known, we owe to a woman, the 
wife of Luigi Galvani. At the time of the discovery, Galvani was professor 
of anatomy at the University of Bologna, to which post he was appointed 
in 1762. 

On one occasion he had the freshly prepared hind legs of a frog lying on a 
table, beside which stood an electric machine which he was using. ‘The 
legs were lying upon a scalpel, and moved as though alive when sparks were 
passing from the electric machine. Galvani’s wife was his assistant in many 
of his experiments, and she called his attention to the movement. He con- 
cluded that the frog’s leg experiment substantiated his theory that animal 
organisms in general possess electricity. 

Galvani was accustomed to place the preparation of frog’s legs on an iron 
railing in the open air, and he conceived the idea that the convulsions might 
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be due to atmospheric electricity, for he found when lightning discharged or 
storm clouds approached, contractions were more often produced. The 
same experiments were tried on clear days and finding no effect he twisted 
a wire, which was hooked through the back of the frog, around the railing, 
thinking to discharge atmospheric electricity. He saw muscular contrac- 
tions, which he then concluded were at least not entirely produced by at- 
mospheric electricity. Later experiments made indoors showed him con- 
clusively that the contractions could be produced without assuming the pres- 
ence of atmospheric electricity, and that it was only necessary to bring the 
wire in contact with the round iron plate upon which the legs were lying. 

Galvani’s discovery aroused much discussion as to the source of elec- 
tricity. Galvani believed the electricity existed in the preparations which 
he compared to a charged Leyden jar, the muscles and nerves replacing the 
coating on the jar, and the wire a discharging rod. He coated the muscles 
with tin foil and accentuated the process, which he felt proved his idea. 
Galvani himself believed all animal organisms were a source of electricity, 
it being most evident in the electric eel and in certain fish. 

From his experience he attributed the effect to positive and negative 
charges, which he assumed existed in the nerve and muscle. ‘The twitching 
of the trog’s legs served as a galvanometer, which was excited in the circuit 
of the metals and muscles and nerves of the frog. A new instrument in 
physical science often opens a great field of discovery. ‘The frog’s legs in 
the hands of Galvani and his co-workers proved to be such an “instrument.” 

Galvani’s opinions were at first commonly accepted by physicists, many 
of whom repeated the experiments. It was not a difficult step to pass from 
the standpoint of Galvani to that of Volta. 


Volta 


Alessandro Volta was born February 18, 1745, at Como, Italy. Of a 
happy disposition, with great powers of application and a sense of order, he 
soon attained an enviable place at the public school in Como, no doubt in- 
fluenced in a degree by his father’s guidance. He continued his education 
at the ‘‘seminary”’ in Como. His early tendency was toward prose and 
verse but by the time he was twenty-four chemistry and electricity caused 
Italy to lose a poet and natural sciences to gain a pioneer. 


He was not only a chemist or physicist, but he became a man of affairs 


and directed the thoughts of Europe to noble purposes. In the year 1774 he 
occupied the chair of physical science at Pavia, and in 1782 he took a trip 
through Germany, Holland, England, and France, conferring with Lichten- 
berg, Van Marum, Priestley, Lavoisier, and Laplace. He enriched the 


2 Cf. Wilhelm Ostwald, ‘‘Elektrochemie, Ihre Geschichte und Lehre,” Leipzig, 
1896. Boletin, Assoc. Argentina Electrotéc, 621, 3 (1928). 
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laboratory at Pavia with the instruments for research and demonstration 
which he had collected on his journey. 

During the fifteen years 1794-1809 he wrote his most valuable memoirs. 
Through circumstances of war he became acquainted with Napbleon, and 
as a result of friendly relations he was invited by Napoleon to go to Paris to 
lecture. In 1801 he went, and gave a demonstration of his work before 
the French Institute, for which he received a gold medal, upon the recom- 
mendation of Napoleon, and the Cross of the Legion of Honor. He was 
raised to the dignity of Comte and senator of the realm of Lombardy. 

In 1794 he was awarded the Copley medal for work already done, and 
this was six years before the electric pile was invented. A stroke of apo- 
plexy ended his life March 5, 1827. Most of his apparatus and papers 
were burned in a fire at Como on July 8, 1599. 

On April 3, 1792, Volta wrote Galvani for an explanation of his work with 
frog’s legs, but Volta became dissatisfied with the explanation offered, and 
concentrated upon the problem of contact electricity. 

It is universally admitted that it was Volta who formulated and proved 
the statement that a current could be produced by the junction of two 
metals and that the frog’s legs acted merely as an indicator. ‘This dis- 
covery inaugurated what was called “voltaic electricity.” It is uncertain 
whether Volta reasoned that the current was due to chemical action on one 
of the two metals he used to form the circuit, but his subsequent investiga- 
tions seem to indicate that this was his supposition. 

In his explanation he laid weight upon the essential condition that the 
ends of the metallic circuit must be different in order to produce twitching; 
they may be of different metals or of the same metal, but if the same they 
must be different on the surface. He performed the experiment with the 
nerve alone, and that overthrew entirely Galvani and his theory of the 
Leyden jar. Volta finally concluded that the principal seat of electricity 
was the contact point between two metals. He believed the action brought 
about at the point of contact of a metal with a liquid to be of secondary im- 
portance. ‘This was the theory commonly accepted until a few years 
ago. 

He separated conductors into first and second class, those of the first class 
being metals, carbon, and certain good conducting substances such as metal- 
lic sulfides. ‘Those of the second class included all conducting solutions. 
Today we define conductors of the first class as those in which the electric 
current moves without a simultaneous motion of matter, while in those of 
the second class the transportation of electricity requires a corresponding 
motion of ponderable material. 

Volta soon placed his “‘first class” in an electromotive series, and arranged 
them in such order that if two of them are combined with a conductor of 
the second class and also directly to each other, an electric current passes 
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from the higher in the series, through the liquid to the lower. More- 
over, the current is greater, the farther apart the two metals are in the 
series. 

Volta had hardly stated his contact theory of electricity when Ritter 
(1776-1810) brought out a theory decidedly chemical in character. Ritter 
called attention to the fact that when two metals in a moist condition are 
left in contact, corrosion of one proceeds more rapidly than when isolated. 
Rightly interpreted, this is an electrical phenomenon, and he ascribed the 
current to the oxidation of one of the metals. He contended that without 
the oxidation there would be no current, and he found a convincing argu- 
ment in the fact that Volta’s potential series, compiled in 1792, might serve 
equally well as a list representing the order of the relative affinities of the 
substances concerned for oxygen. 

As early as 1760 Sulzer showed that a peculiar taste existed when the 
moist tongue was stuck between two metals with the ends put together. 
This was merely an extremely sensitive ‘‘electroscope.’’ With this in view 
Volta made a number of experiments and multiplied the charge. He con- 
cluded that the essential difference between the electricity he thus obtained 
and that from a static machine was that there was a greater quantity at a 
lower potential. Asa result of these studies he rejected utterly the animal 
theory of Galvani, and devoted himself to the positive and negative charges 
of metals, upon which he based his potential series. 

Ritter discovered even before Volta that the order of metals in the series 
is the same as in the series of metals for precipitating one out of solution of 
another. Copper throws out silver, and zinc will throw out both copper and 
silver. Thus Ritter was the first to show definitely the relation between 
electricity and chemistry. 

Shortly after, Volta stated his law of electromotive forces: ‘‘The same 
potential always exists between two given metals, whether they are directly 
in contact with each other or form part of a connected series.’’ Volta 
claimed this law did not hold good for conductors of the second class. 
Two metals, he said, could be connected by a salt solution with scarcely 
any change of potential from one metal to another through the solution. 
He believed that only slight potential differences were produced at the sur- 
face between the liquid and the metal. 

Volta next invented the “‘crown of cups,” which was a battery of simple 
cells in series. Zinc was employed in this, the first of all batteries. In all 
probability Volta experimented with various combinations of metals, and 
gave preference to zinc. 

Owing to the fact that frictional electricity is of high potential as com- 
pared with voltaic, it was for some time supposed that there was an actual 
difference between them, but Volta seemed to have a clear conception of 
their analogy, and deduced or learned by experiments that the e. m. f. of a 
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battery is increased by adding cells in series and that the total e. m. f. 
depends on the number of cells in the battery. 

In fact to sum up Volta and his work, we may say that the past century 
has confirmed the value of the discovery of the electrophorus, Volta pistol, 
eudiometer, electric signaling, condensing electroscope, Volta pile, and 
apparatus for exploring the electric charges in the atmosphere by means of 
a flame. 

The work of Volta was, however, not clearly understood until the dis- 
covery of the laws of correlation and conservation of energy by Mayer and 
Joule, with their subsequent development by Helmholtz. 


Nicholson and Carlisle 


In the year 1800 Nicholson and Carlisle noticed gases at the ends of a 
wire when carried through water, and if the wire was not a noble metal it 
was oxidized. It was noticed that the liquid about the end of the wire 
where the oxygen collected was acid in character, and that about the other 
end was alkaline. Later in the same year solutions of numerous salts, 
acids, and bases were subjected to electrolysis. 

It was not the fact that water could be decomposed which caused amaze- 
ment, for Van Troostwijk and Diemann had already done this in 1789, by 
means of aspark. ‘They put water in a tube closed at the top and a metal 
wire sealed into the bottom and the gas collected above. When the column 
of water sank below the upper electrode the gases were exploded. Ritter 
duplicated the work, using silver wires and a silver salt solution, and he 
found the one wire coated with silver. On changing the connections the 
silver dissolved and was deposited on the other wire. However, the sur- 
prising fact was that gases appeared separately, and many theories were 
expressed in the hope of explanation. 

The earlier theories of electrolysis held that water is decomposed by the 
products of electrolysis, and not by the current directly; the decomposition 
is a secondary process, being effected by the primary products of electroly- 
sis, which separate at the poles and act chemically upon the water present, 
liberating either hydrogen or oxygen. ‘The now accepted theory represents 
the decomposition of water as being effected directly by the current, hence 
it is the primary decomposition. 


Von Grotthus 


In 1805 when Dr. J. Von Grotthus gave his explanation of the phenom- 
enon of the decomposition of water, he said that there was a successive 
decomposition and recombination among the molecules of the electrolyte. 
In the case of water, the negative pole attracts an atom of hydrogen from 
an adjacent water molecule. This is evolved as a gas, and the oxygen left 
over robs another molecule of its hydrogen to take the place of the first. 
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This goes on all the way through the solution to the other electrode, where 
the last oxygen is attracted to the positive pole and is evolved in its turn. 
This was an adequate explanation for a long time. However, it was dis- 
covered that a current which is too weak to decompose a molecule of water 
would still effect the electrolysis of water, if it was acidified. This could 
not be accounted for by the Grotthus theory, so other theories were sug- 
gested as an explanation. 

In 1802 Ermann published detailed measurements of the potentials of 
the voltaic pile, and his results are still recognized as correct. He measured 
the potential by means of an electroscope and a silver tube filled with water. 
Although his methods were crude, they are full of significance and show 
that he did accurate work. 


Davy 


By far the outstanding figure of the latter part of the eighteenth century 
is Humphry Davy, the son of a wood carver in Penzance, where he was born 
December 17, 1778. He did badly in school, because of his extremely buoy- 
ant disposition and love of sport. His early interest in fishing and poetry 
remained with him through life and in his later years he received much 
praise for some of his poetry. At the death of his father he entered the 
office of a physician, where he assisted in mixing the medicines, but he de- 
veloped a taste for startling experiments and explosions so he was let out. 
He was intréduced to Dr. Thomas Beddoes, an event which proved a turn- 
ing point in his life. Working in Dr. Beddoes’ laboratory, he discovered 
nitrous oxide, for which he was rewarded with a professorship in the Royal 
Institution, at the age of 22 years. 

The historical significance of Davy’s scientific work lies in what he did 
to determine which substances should be considered elements. Lavoisier 
had taken an important step toward an answer to this question, but it 
was left in an unsatisfactory condition, and during Davy’s active career 
he settled most of the questions involved. 

When Volta invented his voltaic pile, Davy had a well-equipped labora- 
tory at his disposal, and he threw himself into the study of voltaic elec- 
tricity. His early experiments were in electrolysis, and especially in 
the study of the various combinations of substances which would yield 
currents. One of the most important results was the discovery that active 
cells need only one metal and two liquids in construction. 

In his Bakerian lecture in 1806 Davy told of the quite uncommon char- 
acter of pure water, and showed that previous experiments by Carlisle 
and Nicholson showed the presence of acid from the disintegration of the 
vessel or atmosphere. By experiment he showed that pure water electro- 
lyzed in a gold dish gave only oxygen and hydrogen in chemical equivalent 
quantities. He had already obtained acids and bases by the electrolysis of 
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salts, and now he tried the new force upon substances not hitherto decom- 
posed. He constructed a most powerful battery consisting of 250 plates, 
10 by 15 cm. in size. He first used strong solutions of potash and fusions 
of dry alkali without results, but by using a piece of pure potash and plati- 
num wires he got a definite result. 

To quote from Moore’s History of Chemistry, ‘‘Under these circum- 
stances a vivid action was soon observed to take place. The potash began 
to fuse at both its points of electrization. ‘There wasa violent effervescence 
at the upper surface; at the lower or negative surface, there was no libera- 
tion of elastic fluid, but small globules having a high metallic luster, and 
being similar in visible characters to quicksilver, appeared, some of which 
burned with explosion and bright flame as soon as they formed, and others 
remained and were merely tarnished, and finally covered by a white film 
which formed on their surface.” 

The isolation of potassium was soon followed by that of sodium, and he 
made extensive studies of the properties and chemical relations of each. 
By following suggestions of Berzelius, Davy was able to separate barium, 
strontium, calcium, and magnesium, so that these were added to the list 
of elements known in the free state. 

Davy formulated a theory of chemical affinity, which has interest as a 
sign of the times. The repeated repetition of Volta’s experiments brought 
him to develop a general theory of chemical combination. He saw that 
when copper and sulfur united to form copper and sulfide, an evolution of 
heat took place, which Davy ascribed to the neutralization of the electric 
charges. He held that when two substances are brought into proximity 
they assume opposite electrical charges, and finally unite as the charges 
are neutralized. ‘This idea was never developed into a complete system by 
Davy, but it was the foundation of the later theories advanced by Ber- 
zelius. By means of cells consisting of carbon in nitric acid and zinc in 
sulfuric acid, Davy decomposed oxides and hydroxides of potassium, so- 
dium, magnesium, barium, and calcium. 


Faraday 


Perhaps Davy’s greatest discovery was Michael Faraday. In 1813 Fara- 
day left the Royal Institution, to go with Davy as secretary and chemical 
assistant. They went on an.extended continental tour where they met all 
the leading European scientists, many of whom became friends and corre- 
spondents. In 1815 on their return from the trip Faraday took up his 
residence at the Royal Institution and began a wonderful career, which 
placed him without a peer among his contemporaries. In 1825 he was ap- 
pointed director of the laboratory at the Institution, and in the year 1826 
he began the now famous series of Friday night lectures. He refused to 
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devote his time to commercial developments of his discoveries, although 
pecuniary inducements were great. 

Most of Faraday’s important work was along the line of electrochemistry. 
In a paper, ‘“The Reaction and Relation by Measure of Common and 
Voltaic Electricity,”’ published in 1832, he explained in detail his method of 
experiment, and concluded that chemical power like magnetic force is in 
direct proportion to the absolute quantity which passes. In a memoir on 
electrochemistry, which he published in 1833, he defines the following, 
which we have accepted and still use today. 


Ions— Particles of matter moving with the current. 

Cations—-Particles moving in the direction of positive electricity. 
Anions— Particles moving in the opposite direction. 
Klectrolyte—Substance conducting electricity—internal motion. 
Electrode—-Surface of contact between first and second-class conductors. 
Cathode-——That pole to which cations move. 

Anode—That pole to which anions move. 


While experimenting Faraday found that variation in the size of the 
electrode causes no variation in the chemical action of a given quantity of 
electricity upon water. Variation in the intensity produced no differences 
as to the equal action of large and small electrodes. He also showed that 
the same amount of water is always decomposed by the same quantity of 
electricity, even though it was formed in other ways. 

In 1835 hé announced that the quantity of electricity and chemical and 
magnetic effects were proportional to one another. ‘This law met opposi- 
tion, for it was not understood. It has been said that the main differences 
between the work of Davy and that of Faraday was the fact that the work 
of Davy was largely qualitative, while that of Faraday was quantitative. 
Faraday wished to know how much of given substances are decomposed by 
given amounts of current, and whether the decomposition was always pro- 
portional to the current used, regardless of its source, and from the results 
found he stated his first law: ‘“T'he amount of decomposition is always 
proportional to the amount of current used.” 

He carried this farther and passed the same current through solutions of 
salts, and discovered the second law: ‘‘Amounts of different metals de- 
posited by the same current are proportional to the chemical equivalents 
of these metals.’’ Faraday delved deeper than others of his time and earlier. 
He discovered the fundamental electrolytic action of the current, such as 
we universally accept today. 


Berzelius 


In any synopsis of the history of electrochemistry mention must be made 
of Berzelius and his work. In the electrochemical field Berzelius is best 
known for his dual theory of electrochemistry. ‘The work was carried out 
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in conjunction with Hissinger, and dealt with the action of currents on 
solutions of different organic substances. He claimed that each atom when 
in contact with another possesses two poles, one electropositive and the 
other electronegative. The chemical affinity of an element depends upon 
the amount of electrical charge of its atoms; the positively charged react 
with the negatively charged, and the substance is positively or negatively 
charged depending on the amount of excess electricity. 

This theory though now proved incorrect exercised a powerful influence 
on men of science during the first half of the nineteenth century. Ber- 
zelius’ theory of electrodualism disappeared when chemists realized they 
could substitute a positive element for a negative element, and not make a 
profound change in chemical character. ‘This was 20 years after the state- 
ment of the theory. Berzelius had confused two quantities, the quantity 
of electricity and the quantity of electrical energy. 

No history would be complete without mention of the work of Daniell on 
ion transfer, and that of Hittorf who during the years 1853-1859 developed 
the ideas started by Daniell. Helmholtz and Ampere also added zest to 
the numerous ideas concerning electrochemistry but it remained for Ar- 
rhenius to put the subject upon a sound basis. ‘There have been such out- 
standing developments in electrochemistry since Berzelius’ day that the 
subject must be considered in detail if a clear understanding is to be ob- 
tained. In the present paper, however, we have confined ourselves to 
the beginnings of the development. 
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Research. Some people consider research a dull and sleepy affair. To me, re- 
search is full of dynamite. In the hands of a competitor it can strew your own business 
path with heart-breaking obstacles. Used by yourself, it can blast your way to success. 
If you are not using the research method to find new and better ways of manufacturing 
your products, if you are not experimenting to find new products, now or in the future, 


your competitor is doing so, make no mistake about that.—A. LINCOLN FILENE 
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A GRAPHICAL METHOD OF TEACHING THE THERMOCHEM- 
ISTRY OF HIGH TEMPERATURES* 


ALFRED STANSFIELD, McGiut, UNIVERSITY, MONTREAL, CANADA 


I have for many years used the late Prof. J. W. Richards’ “Metallurgical 
Calculations” as a basis for my instruction in this subject and whenever 
possible 1 employ diagrams, drawn on the blackboard, to make the meaning 
clearer. 

In Chapter IV, ‘“The Thermochemistry of High Temperatures,” Richards 
considers the amount of heat produced or absorbed by a chemical reaction 
at a high temperature, and also the amount of heat produced or absorbed 
if we start with the reagents cold and finish with the products hot, or 
vice versa. 

Originally I used a simple rectangle, ABCD, Figure 1, in which A 
represents the reagents at 0°, B represents the 
reagents at ¢°, C the products at ¢°, and D 
the products at 0°. Temperature is shown by 
the vertical ordinate, but heat is not represented 
quantitatively. In passing from A to D, we 
have the heat of the reaction at 0°, and from B 
to C the heat of the reaction at ¢°; from A to B 
the heat absorbed by the reagents in passing O° 
from 0 to ¢°,tand from D to C the heat absorbed A ; * 
by the products from 0 to 1° ae ae 

The diagram serves to show that we can pass prraTuRES. A QUALITATIVE 
from one state to another by either of two routes, rg wep a Lacie 
the heat production or absorption being the same 
in each case. Thus, in passing from A to D, we may pass directly, ob- 
taining the heat of the reaction at 0°, or we may go from A to B, lending 
to the system the heat required to raise the reagents from 0 to ¢°, then 
from B to C obtaining the heat of the reaction at ¢°, then from C to D 
giving out the heat contained in the products at ¢®°. As the heat produced 
by either route is the same, we find that: 
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(— Heat in reagents (0° — ¢°) + Heat of reaction at 


ae ae bo © ° = 
Heat of reaction at 0 #° + Heat in products (0° — #°). 


or 
(Heat of reaction at 0° + Heat in reagents (0° — ¢°) 


Hee -action at f° = : ° 
cat of reaction at # ( — Heat in products (0° — ¢°). 


The diagram also shows very simply how to obtain the heat that is 
produced or absorbed, in passing from A to C or from B to D. 
The diagram shown in Figure 1 can be made entirely quantitative, 
* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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by using the horizontal ordinate to represent heat; any heat given out 
by the system being represented by distances to the right, and any heat 
absorbed by the system by distances to the left, as in Figure 2. Here, 
A represents the reagents at 0°, AD is made equal to the heat of the re- 
action at 0° (supposed to be positive) and D represents the products at 
0°. Making AE equal to ¢°, EB equal to the heat in the reagents from 
0 to ¢°, and FC equal to the heat in the products from 0 to ¢°, then B 
represents the reagents at t°, C represents the products at t°, and BC 
equals the heat of reaction at ¢°. 

or BC = AD + BE — CF 


\Heat of reaction at 0° + Heat in reagents (0 — 7°) 


Heat of reaction at / ) — Heat in products (0 — 1°). 


If we start with the reagents at 0° and end with the products at /°, the 

heat given out by the system 

will be equal to EC. If we 

Haat ingneneem: start with the reagents at ¢° 

and end with the products at 

0°, the heat given out will be 
equal to BF. 

When drawn in this way, 
the four-sided figure represent- 
ing the cycle of changes be- 
comes an oblique figure, whose 
opposite sides need not be 

A Heatofreaction at 0° 0 equal. Moreover, the sloping 
<Heat absorbed 0 Heatgivenout sides are not even straight 
FIGURE 2.—Tur THERMOCHEMISTRY OF Hicu lines, as the specific heat 


TEMPERATURES. A QUANTITATIVE REPRESEN- 0:00 ae < , 
TATION OF THE CYCLE OF CHANGES varies with the temperature, 
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but at any temperature the 
horizontal distance between the lines is equal to the heat of reaction. 


CO + 1/:0, = CO, 


As a definite example, the reaction CO + !/202 = COz is plotted in 
Figure 3 for temperatures between 0° and 2000° C., using the heats of 
formation of CO and CO, given in the International Critical Tables, Vol. 
V, 1929, and the specific heats of gases under constant pressure given by 
Partington and Shilling.' Taking A as the zero point, AD is made equal 
to the heat of the reaction at 0°; the line AB is plotted so that its hori- 
zontal distance from AE at any temperature, ¢°, is equal to the heat con- 
tent of CO + '/:O2 from 0 to ¢°; the line DC, in the same way, shows the 
heat in CO, from 0 to ¢®°. ‘The heat of reaction at any temperature, 


1 Partington and Shilling, “Specific Heats of Gases,’’ London, 1924. 
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t°, is clearly shown by the diagram, which also shows the amount of heat 
that results from the reaction starting with the reagents at one temperature 
and finishing with the products at some other temperature. 
noticed that the heat of reaction is nearly constant, but decreases slightly 


at high temperatures. 
In the case-of an endothermic reaction, the equation 


Heat of reaction at ¢° 


~THE Reaction, CO + !/,0. = COz 


(Heat of reaction at 0° + Heat in reagents (0 — 2°) 
— Heat in products (0 — ¢°) 


It will be 
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still holds if we are careful to use the minus sign in expressing the heat of 

reaction. When, however, we show this graphically, as in Figure 2, we 

find that D represents the reagents at 0°, DA the negative heat of reaction 

at 0°, A represents the products at 0°, and the words “‘reagents”’ and “‘prod- 

ucts’”” must be interchanged; also, as we are now thinking of the heat 

absorbed by the reaction, we must reverse the signs in the equation, which 
becomes: 

; j Heat absorbed by reaction at 0° = Heat 

Heat absorbed by reaction at t® = in reagents (0° — ¢) + Heat in prod- 

l ucts (0 — #°). 

The diagram is in effect a thermal equation, and the position of ‘‘reagents”’ 
and “products” is determined 
by the exothermic or endother- 
mic nature of the reaction. As, 
therefore, we cannot draw the 
diagram to suit the equation, 
we are obliged to write the 
equation to suit the diagram; 
thus we cannot write: 
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FeO + C = Fe + CO — 37,610 


because we shall find FeO + 
C on the right-hand side of the 
diagram, and therefore we must 
write it: 


Temperature ~> 


Fe + CO = FeO + C + 37,610 
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~<Heat absorbed 0 Heatgiven out > That is to say, we must write 
Ficure 5.—At Any TEMPERATURE, P, THE all equations so that they are 
HORIZONTAL INTERCEPT, PH, IS THE HEAT exothermic from left to right. 
GIVEN OUT BY THE REACTION AT THAT TEM- : 
PERATURE It may occasionally happen 
that a reaction is exothermic 
at 0° and endothermic at some other temperature. We would write 
such an equation in view of the heat of reaction at 0°; the curves 
AB and DC would cross at some point, and above this temperature the 
reaction would obviously be endothermic. If it were possible to follow 
this convention in writing equations, the chemical equation would have 
gained in value, as it would show at a glance, although only qualitatively, 
in which direction the reaction resulted in the production of heat. 


Zn + CO = Zn0 + C 


The reduction of zinc oxide by carbon is endothermic, and the equation 
must therefore be reversed, as in Figure 4. The broken line AB shows 
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the heat content of Zn, plus the heat content of CO, at each temperature. 
The steps SM and LV show respectively the heat of liquefaction of the 
zinc at 419.4°C., and of its vaporization at 907°C. In the condensation 
of zinc from a cooling mixture of CO and zine vapor, condensation would 
begin at some lower temperature (that is, below 907°) and would continue 
over a range of temperature, so that there would be a curve instead of 
the horizontal line VL.? 

In plotting this diagram, the writer took the specific heats of ZnO and 
CO from the International Critical Tables, and also the heats of fusion 
and vaporization of zinc, but was obliged to use Richards’ values for the 
specific heats of solid, liquid, and gaseous zinc. 

In Figure 5 the lines AB and DC of Figure 2 have been extended until 
C is to the left of A. The point G, where DC cuts AE, gives the tempera- 
ture resulting from the reaction, if we begin with the reagents at 0° and 
if no heat leaves the system. Starting with the reagents at any particular 
temperature, shown by the point P, the horizontal intercept PH is the 
heat given out by the reaction at that temperature, that is isothermally, 
while the vertical intercept PT is the rise of temperature produced by the 
reaction without loss of heat, that is; adiabatically. 

2 Stansfield, ‘“The Electric Furnace,’’ 1914, p. 331. 


Dried Hog Stomach New, Cheaper Anemia Remedy. Dried stomachs of hogs 
may soon vie with livers as the saviors of sufferers from pernicious anemia. This 
newest anemia remedy, made from one of the few unused parts of hogs, has just been 
developed and announced by Drs. Cyrus C. Sturgis and Raphael Isaacs of the Simpson 
Memorial Institute for Medical Research of the University of Michigan and Dr. Elwood 
A. Sharp of the Department of Experimental Medicine of Parke, Davis and Company. 

An ounce of extract from the dried, ground stomachs of hogs is said to be as ef- 
fective a remedy in pernicious anemia as a pound of raw liver or three ounces of the most 
concentrated liver extract yet made. 

This is the latest step in the conquest of a disease, pernicious anemia, which a few 
years ago was in the category of the unvanquished ills of mankind. In 1926 it was 
found that by feeding liver to anemia patients, their red blood corpuscles could be in- 
creased. Liver, once the poor man’s meat, increased in price rapidly. Then the active 
principle in liver was extracted so that anemia patients could take small doses of the 
extract instead of eating large quantities of the liver itself. Now comes the new and 
cheaper source of the anti-anemia principle which promises splendid results. : 

The new extract from hog stomach is not yet commercially available. But it will 
be far cheaper than liver or the costly liver extracts on which pernicious anemia patients 
until now have been dependent. Hogs’ stomachs are largely a waste product, finding 
only slight use in the production of pepsin. The dried extract is practically tasteless 
and looks something like sawdust particles. Beef stomach and ox stomach are sold as 
tripe, which is a familiar food to many. Hog stomach, which has a different structure, is 
ground and dried to make the new extract. 

An immediate increase in the number of red blood cells took place when this dried 
hog’s stomach was fed to patients suffering from pernicious anemia. The increase was 
even greater than that following liver treatment.—Science Service 








ELECTROCHEMICAL EDUCATION IN ENGLAND* 


E. O. Jones, VicTor1A UNIVERSITY, MANCHESTER, ENGLAND 


The teaching of electrochemistry has two definite aspects: (1) The 
theoretical or academic, in which the principles underlying and the laws 
governing electrochemical phenomena are taught, without any more than 
a passing reference to technical applications. (2) The applied or tech- 
nical, in which the technological factors necessary for the satisfactory 
application of electrochemical processes to industrial operations are stressed 


more particularly. 
Theoretical Electrochemistry 


The statement made by Rideal in 1918 in the preface of his book on 
electrometallurgy that, with one or two exceptions theoretical electro- 
chemistry has not been raised to the dignity of a separate subject, being 
included in the courses of physical chemistry at most of our universities, 
still holds; but his remark, that this lack of status and of specialized 
teachers of electrochemistry at our higher educational institutions has 
been sufficient to eliminate English research students from the field, does 
not apply at the present time, as reference to the Transactions of the Faraday 
Society shows. Taking the years 1927 and 1928, we find some twenty 
papers on theoretical electrochemistry from the Universities of Cambridge, 
Oxford, London (King’s University, East London and Imperial Colleges, 
and Sir John Cass Institute), Liverpool, Bristol, Sheffield, and from the 
University colleges at Exeter and Nottingham. Such a list indicates that 
interest in electrochemistry is by no means swamped by the attractions 
of other branches of physical chemistry. 

Since in most English universities physical chemistry is taught in more 
than one course, it is rather difficult to say how much instruction in 
theoretical electrochemistry any individual student may receive, but I 
think it fairly safe to say that an honors graduate will have attended 
lectures dealing with the following subjects. 

Principles of Electrolysis. Faraday’s Laws, electrolytic dissociation, 
theories of Arrhenius and Debye-Hiickel, conductivity, ionic mobility, 
endosmosis, cataphoresis, aqueous and non-aqueous electrolytes. 

Electromotive Force. Energy relations, external and maximum work, 
affinity, decomposition voltage, reversible and irreversible processes, elec- 
trode potentials, oxidation-reduction, and concentration cells. 

Electrode Reactions. Anodic solution, cathodic decomposition, polari- 
zation and depolarization, overvoltage, passivity, and corrosion. 

He will also have carried out practical work in the laboratories on such 


* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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experiments as verification of Faraday’s laws, migration of ions and ionic 
velocities, simple electrolytic analysis, determination of conductivities, and 
electrometric titrations. In addition to this it may safely be assumed that 
in the other courses on chemistry, inorganic, organic, etc., mention will 
have been made of the application of electrochemistry to manufacturing, 
refining, and analytical operations. 

At some universities, such as Birmingham, Liverpool, Manchester, 
a definitely technical course is included in the honors degree course, which 
is optional at Liverpool and Manchester, and compulsory at Birmingham. 
The following syllabus of the Birmingham University course illustrates 
the kind of course referred to. 

Electrochemistry. ‘This course will be held during the spring term, 
in which the following subjects will be studied: the electrolytic preparation 
of inorganic and organic substances; electrolysis of fused electrolytes; 
electrothermal reactions; and the use of electric furnaces. In connection 
with this course arrangements will be made for practical work and for 
demonstrations. 

From the foregoing it will be seen that an honors graduate in chemistry 
from a British university should have a fairly extensive knowledge of 
electrochemistry in its theoretical aspect, some insight into its applications 
and possibilities, and in certain cases, depending on his university, some 
technical knowledge of applied electrochemistry. 


: Applied Electrochemistry 


English workers were among the pioneers in the field of applied electro- 
chemistry. Jacobi, Murray, and Spencer laid the foundations of the 
electrotyping industry in 1839; Woolrich, 1840, was a pioneer of electro- 
plating; Watt, in 1851, realized the possibilities of electrolytic applications 
in the alkali industry, and Elkington, 1869, was the first to refine copper 
electrolytically. However, no revolution was caused in British chemical 
industry by the introduction of electrochemical methods. 

The open competition of old and well-established methods made the 
introduction of new processes a slow matter, and even in the case of 
commodities which can only be prepared by electrochemical means, 
the more favorable conditions of other countries, such as Canada and 
United States, introduced a retarding factor. In consequence, England 
has not in the past made extensive use of electrochemical processes, as 
compared with other countries, and this has been reflected in the demand 
for, and supply of, personnel trained in applied electrochemistry. At 
the present time this subject does not occupy an important place in the 
curricula of our universities. 

The abandonment of the old fallacy that a hydroelectric installation 
is a sine qua non for cheap power, the realization that large scale generation 
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with good load factor can compete, and the government policy of electrifi- 
cation have aroused an interest in electric power which will react favor- 
ably upon its use in chemical and metallurgical industry. This will 
result in an increased demand for electrochemists. The fact has not been 
overlooked, as the recent establishment of the postgraduate course in 
electrochemistry at the Imperial College of Science and Technology 
testifies. 

Instruction in applied electrochemistry naturally falls into three di- 
visions: (a) technical evening courses, for those already engaged in 
industry; (b) day instruction at institutions of university rank, (c) post- 
graduate instruction and research. 


Technical Evening Courses 


Since these are designed to meet the needs of students already engaged 
in industry, they will be largely influenced in their scope and character 
by the local trades. Thus, for example, a considerable plating industry 
exists in the Clerkenwell area of London, and in consequence a portion 
of the work of the chemical department of the NORTHAMPTON POLYTECHNIC 
has been designed to meet the requirements of this trade, by supplying 
courses of instruction, in which the principles underlying the processes of 
electrodeposition are treated both theoretically and practically. There 
are three courses, the syllabi of which are here given. 


Electroplating.—General Arrangement of Workshop. Construction of tanks and 
vats; arrangement of electrodes; devices for heating and circulation; agitation; elec- 
trical circuits; connection of baths with dynamo and cells; construction and use of 
ammeters, voltmeters, and resistance regulators. 

General Methods of Deposition of Metals. Choice of materials, general properties; 
simple tests for acidity, alkalinity, and density; use and comparison of hydrometers; 
removal of rust, scale, grease, and tarnish; preparation and finishing of metal surfaces; 
use of polishing lathe, seratch-brush, burnisher, and sand blast; choice of dips. 

Deposition of Copper. Early experiments; simple immersion process; single cell 
method; electrodeposition with battery and dynamo; choice of solution according to 
character of work; acid solution; electrotyping; refining; effect of varying current 
density; effect of acidity, concentration and circulation of electrolyte; alkaline bath; 
study of the chemical actions; ‘‘free cyanide;’’ defects and remedies in working; appli- 
cations of copper deposition; finishing. 

Deposition of Silver. Chemistry of silver and silver compounds; deposition of silver 
by simple immersion; pastes; battery and dynamo processes; preparation of solutions; 
process of deposition; ‘“‘quicking;’’ preparation of quicking solution; character of silver 
deposits; ornamentation of deposits; bright plating; stripping silver deposits; recovery 
of silver. 

Deposition of Nickel. Advantages of deposit; preparation of nickel salts; nickel 
solutions; comparison of behavior of cast and rolled anodes; preparation of work; diffi- 
culties attending deposition; ‘‘striking;’’ stripping nickel deposits. 

Deposition of Gold. Chemistry of gold and its compounds; preparation and work- 
ing of solution; production of colored deposits; recovery of gold, 
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Electrochemistry I.— Theoretical. Revision of laws of chemical action; thermo- 
chemistry and its relation to electrochemistry; calculation of e. m. f. and energy for 
electrolytic processes; electrolysis, qualitative, and quantitative; Faraday’s laws; 
simple outline of electrochemical theory; migration of ions; electrolytic conductance; 
use of diaphragms and secondary electrodes. 

Technical. Electrodeposition of metals; current efficiency; deposition of copper, 
nickel, silver, gold, iron, chromium, lead, cobalt, zinc, etc.; deposition of alloys; special 
methods of deposition; rapid plating; deposition on non-conducting surfaces; use of 
colloids; electrorefining and extraction of metals, principles and simple examples. 

Electrochemistry II.—In this more advanced course the practical work is of a 
varied character, and includes experiments illustrative of the theoretical side of the 
subject, electrolytic analyses and preparations. The work is taken from the following 
syllabus, and depends upon the attainments and requirements of the students presenting 
themselves. 

Properties of Electrolytic Conductors. Electrolytic dissociation; migration of ions, 
conductance of electrolytes; electromotive force and its relation to ionization. 

Electric Furnace. Elementary classification and construction of furnaces; elec- 


trolytic and electrothermal processes; uses of alternating and direct current for furnace 
operations; pyrometry; refractory materials for electric furnaces. 

Electrothermal Processes. The production of iron and steel and the ferro-alloys; 
fixation of nitrogen; production of carbides. 

Electrolytic Processes. Aluminum smelting; extraction of the alkali metals; pro- 


duction of alkali and chlorine compounds. 


As will be seen from these, the course on electroplating is essentially 
a ‘‘craft’’ course, while Electrochemistry I aims at giving a general knowl- 
edge of the principles of electrochemistry, as applied to the deposition 
of metals for the purposes of plating, refining, or extraction. It assumes 
that an elementary knowledge of chemistry and physics has already been 
acquired. Electrochemistry II is a more advanced course, dealing chiefly 
with electric furnaces and electrothermal processes, and work is taken from 
the syllabus, depending upon the attainments and requirements of the 
students presenting themselves. 

SHEFFIELD is an important center for electroplating, and for iron and 
steel metallurgy. Advanced four-year evening courses are offered in the 
Department of Applied Science of the University, in order to meet the 
needs of these industries. Students may specialize in either ferrous or 
non-ferrous metallurgy. The applications of electric furnaces to smelting, 
refining, and heat treatment are dealt with at appropriate places in the 
ferrous metallurgy courses, while those students of the non-ferrous section 
(which has been established to meet the needs of the lighter Sheffield 
trades of silver and electroplate, brass and allied industries) have oppor- 
tunity in specializing in electrometallurgy, that is, electroplating and 
deposition, and electrolytic refining. ‘The syllabi quoted below show the 
range of instruction. 


First Year. Fundamental chemical and electrochemical principles; definitions, 
use of chemical symbols and equations; acids, alkalies, salts; the electrochemical series; 
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valency; chemical and electrochemical reactions; definitions of terms used in electro- 
chemistry; laws of electrolysis, their meaning and application; relationships between 
electrical and chemical action. 

Fundamental facts about electric currents; principles of construction and char- 
acteristics of primary and secondary cells; principles of construction of electroplating 
dynamos; measuring instruments and their use; resistance and conductivity of liquids 
and solids; electrical units and definitions; chemical, magnetic, and thermal effects 
of electric currents. 

The deposition of metals; simple immersion and separate current methods; general 
methods and principles of preparation and use of solutions for the deposition of silver, 
gold, nickel, copper, zinc, and brass. 

Construction and arrangement of plant used in electrodeposition; vats; resistance 
frames; scratch-brushing lathes and general apparatus; electrical arrangements in 
electrodeposition. 

Laboratory work will include simple chemical and electrochemical experiments, 


illustrative of fundamental principles; the distribution and use of the electric current 
in the applications of electrodeposition; arrangement of apparatus, regulation of cur- 
rent and use of measuring instruments; preparation and use of cleansing solutions, acid 
dips and pickles, and other solutions used in preparatory processes; preparation and 
use of various solutions for simple immersion and separate current deposition, the 
following metals particularly being dealt with: silver, copper, gold, nickel, iron, zinc 
and brass; simple experiments in electrotypy. 

Second Year. In this course the subjects of the first year’s syllabus will be more 
fully treated, particular attention being paid to the practical application of electro- 
chemical theory to electroplating and refining. 

The lectures will deal with: fundamentals of energy; electrolytic dissociation; 
migration of ions; conductivity and its measurement; elementary theory of e. m. f.; 
addition agents; factors affecting nature of deposit; principles and practice of the elec- 
trolytic refining of metals; simple analysis and testing of plating solutions; recovery 
of metals from old solutions; metal coloring and finishing processes. 

The practical work in the laboratory will consist mainly of the application of the 
various subjects dealt with in the lecture syllabus, and will include the preparation of 
electroplating and refining baths; the assay of silver and gold solutions; estimation 
of free cyanide, etc.; determination of efficiencies of plating and refining solutions; 
measurement of conductivities, etc. 

Third Year. This course will be an extension of the second year course, being 
largely based on the requirements of the final grade examination of the City and Guilds 
of London Institute, and may be modified according to section to be taken in examina- 
tion. The lectures will deal with such topics as: theories of electrolysis; the dissocia- 
tion theory and its implications; theory of e. m. f.; colloids and their use; cataphoresis; 
calculation of power required, and the efficiency of such, for processes of electrodeposi- 
tion; more advanced electroplating and refining; types of electric furnaces, fundamental 
principles involved; use of continuous and alternating currents. 


BIRMINGHAM is another important center for electroplating and for brass 
industries, and here, too, similar facilities are provided at the Birmingham 


Technical Institute. 

SOUTHWEST LANCASHIRE is the home of the alkali industry, and it is safe 
to say that in the technical schools of towns in this area, courses in electro- 
lytic processes applied to this industry will most certainly be found. 
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Instances could be multiplied, but sufficient has been said to show 
that adequate provision has been made for the technical evening student. 


Day Courses at Institutions of University Rank 


Since in the English educational system we have nothing to correspond 
with the German technical universities, it has been necessary for our 
universities to provide suitable instruction for those science graduates 
who purpose to enter into industry. Most of our universities have a 
faculty of engineering, and in addition the newer universities which 
are situated in highly industrial areas have paid particular attention 
to local needs and opportunities, and either provide technical courses 
themselves or accept approved courses of recognized technical schools, 
At present none of our universities have 
The nearest approach 


as satisfying degree requirements. 
special schools or departments of electrochemistry. 
to this is the postgraduate course in the department of chemical tech- 
nology at the IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY. 


University 


| School* 
| Chemistry 
Metallurgy 


Faculty 


Science 


Course 


Electrochemistry. 

Electrometallurgy not treated as 
separate subject, but dealt 
with in other metallurgical 

and in laboratory 


Birmingham 


courses 
| | work. 
| Engineering | Electrometallurgy. 
| Metallurgy 
Chemistry 


Mechl. 
Science Tripos. 
Science 


Cambridge 


| Electrochemistry, pure and ap- 
plied. 
Electrometallurgy. 


Liverpool 


Metallurgy 

Chemical 
Technology 

Metallurgy 


Engineering 
London, I.C.S.T. | Science 
Electrochemistry. 
Electrometallurgy 


smelting. 


London, R.S.M. Engineering and electric 
Electrical 
Engineering 


London, North. 


Poly. Electrochemistry. 


Manchester 


Science 


Technology 


Metallurgy 

| Chemistry 

| Applied 
Chemistry 

Ferrous Met. 





Electrometallurgy. 


Electrochemistry. 
Electrometallurgy of iron and 


Sheffield Metallurgy 
steel, dealt with in various 
courses. 


Electrometallurgy. 





| 
| 
| 
| 
| 


| Non-Ferr. Met 











* The word “‘school’’ is used here in a double sense: it indicates (1) the specialized 
course of study in which applied electrochemistry will appear in the curriculum and 
also (2) the department of the university which will be responsible for such teaching. 
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Applied electrochemistry is of interest to the chemist who desires to 
enter this branch of industry, the metallurgist, and the electrical engineer 
to whom this field of application of electrical energy appeals. 

We may expect, therefore, to find that where instruction in this subject 
is available, it may be dealt with in the schools of chemistry, applied 
chemistry, metallurgy, or engineering, its allocation depending upon the 
organization available, and the point of view of its relation to the other 
subjects forming a degree course. The relative importance attached to 
it will also decide whether it shall be dealt with in a separate lecture 
course, or whether such instruction is distributed over the other courses. 
This variety of treatment represents the state of affairs at our universities, 
as shown by the foregoing typical examples. 

The following details of some of the courses will indicate the instruction 
available. 


BIRMINGHAM. ‘The syllabus of this course has been given above. 

LIVERPOOL. ‘This is an optional course of about 24 lectures for honor chemists 
dealing with the principles of electrochemistry, and their applications to inorganic and 
organic chemistry and chemical industry. 

LONDON. (Imperial College.) This course forms part of a two years’ postgradu- 
ate course in chemical technology, and is only suitable for students who have graduated 
in the honors chemistry school. It consists of about 50 lectures on the following sub- 
jects: 

Outline of Industrial Electrolysis, as exemplified in the extraction and refining of 
copper and other metals; electroplating; the manufacture of hypochlorites, chlorates, 
perchlorates, persulfates, permanganates, ete.; the commercial production of hydrogen 
and oxygen; the manufacture of sodium and aluminum. 

Electrothermics. ‘The economics of electric heating; the principles of the design, 
construction and operation of electric furnaces; current supply, transformation, and 
control; resistance heating; low and high frequency induction furnaces; arc heating; 
the electrical ignition of gases; the electric smelting and refining of metals and special 
alloys. 

Nitrogen Fixation by Electric Processes, as illustrated in are processes for the direct 
oxidation of atmospheric nitrogen; manufacture of calcium carbide and cyanamide; 
principles of industrial catalysis, as exemplified in the production of synthetic ammonia 
and sulfuric acid. 

Laboratory Work. Electrical measurements in connection with high tension cur- 
rent supplies; determination of the efficiencies of resistance and low and high frequency 
furnaces; the characteristics of low and high tension ares; fixation of atmospheric 
nitrogen in the Birkeland-Eyde, Pauling, and Schénherr arcs; study of phenomena 
associated with the electrical ignition of explosive gaseous mixtures; pyrometric methods 
employed in electrothermal work; electrolysis of brine and fused caustic soda; catalytic 
oxidation of ammonia and sulfur dioxide. 

Lonpon. (Royal School of Mines.) A course of about 24 lectures, the syllabus 
being: the electrometallurgical treatment of aluminum, calcium, copper, gold, iron, 
lead, magnesium, nickel, silver, sodium,and zine. ‘The use of electric furnaces in metal 
and alloy melting and in heat treatment. 

Lonpon. (Northampton Polytechnic). A course of about 40 lectures and labora- 
tory work, taken by electrical engineering students in their third year, the syllabus 
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being: general principles; early experiments in electrolysis; Faraday’s laws; thermo- 
chemistry; relation between thermo- and electrochemical data; phenomena and 
theories of electrolysis; electrolytic conduction. 

The occurrence and furnace methods of the extraction of the metals; general princi- 
ples and methods of electrometallurgy as applied to copper, silver, gold, nickel, tin, 
zine, lead, etc.; electrotyping; electrolytic extraction of copper, zinc, ete.; electrolytic 
refining; electrolytic analysis. 

The authorities at this institution consider that in view of the present rapid develop- 
ment of the technical applications of electrochemistry in the production of bleach, car- 
bide, aluminum, in the extraction and refining of such metals as zine, copper, and lead, 
and in numerous other directions, this subject should be especially valuable to electrical 
engineering students, and would regard their training as incomplete without some 
knowledge of both its principles and practice. 

MANCHESTER. (Owen’s College). Offers two courses in the department of 
metallurgy, each of about 25 lectures and laboratory work. Course I is compulsory 
for metallurgical students, and optional for honors chemists. It deals with the principles 
and practice of electrolytic and electrothermal processes. Course II is a more ad- 
vanced course, intended for honors and postgraduate students who have already 
taken Course I. 

MANCHESTER. (College of Technology.) Here the courses in electrochemistry 
have been drawn up to satisfy the needs of students of general chemical technology; 
metallurgy; electrochemistry; and consists of two lecture courses, Electrochemistry I 
and Electrochemistry II, and a practical course, the syllabi of which are: 

Electrochemistry I. Electrical units, power, energy, efficiency; overvoltage; 
depolarization; metal deposition; passivity, electrochemical methods of analysis; 
electrolytic oxidation and reduction; fused electrolytes; electrothermics; technical 
electrodes and diaphragms; typical technical processes involving electrolysis; technical 
electrothermic processes. 

Electrochemistry II. ‘Theories of overvoltage and passivity; electrical discharge 
in gases; technical electrochemical processes. 

Electrochemical Laboratory. Electrochemical analysis; preparation of inorganic 
and organic compounds; electroplating; experiments involving the use of the electric 
furnace. 

SHEFFIELD. Students specializing in non-ferrous metallurgy take lecture and labora- 
tory courses in their second and third years, in accordance with following syllabi: 

Second Year. Fundamental principles; units; law of electrolysis; dissociation; 
conductivity; polarization; anodic and cathodic reactions. 

Third Year. Primary and secondary cells; electrolytic deposition, refining and 
extraction; fused electrolytes; production of aluminum, etc.; principles of electro- 
thermic and alternating currents; types of electric furnaces; baths and methods used 
in electrodeposition. 


Equipment 


A record of syllabi of instruction, without any reference to laboratory 
equipment, presents an imperfect picture of the facilities for and the quality 
of the electrochemical instruction available. The equipment of some of 
the typical institutions will therefore be described briefly. 


BIRMINGHAM. ‘The metallurgical laboratories contain a complete equipment for 
electroplating of Cu, Zn, brass, Ni, Ag, Au, Cd and Cr, with usual buffing and polishing 
equipment. There is also provision for experimental work on electrolytic refining, 
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electric furnaces and electric smelting, including a Leeds and Northrup electric furnace, 
with automatic temperature controller and potentiometer recorder, and a 40 k.v.a. 
high frequency electric furnace for melting and casting operations. 

Lonpon. (Imperial College.) Equipment includes d. c. energy at all pressures 
up to 350,000 v.; a. c. at all pressures up to 500,000 v. and frequencies of 50, 190, 
350, and 500 cycles, and valve generator equipment for high frequencies. <A high- 
pressure high-voltage are bomb, 200 atmos., 80,000 v., capable of dealing with dis- 
charges up to 3 kw., and complete oscillograph equipment, both cathode ray and electro- 
magnetic, are also available in addition to ordinary equipment. 

LoNDON. (Royal School of Mines.) At present the equipment is not extensive. 
A low voltage generator (0 to 10 v. and 1000 amp.) is available for electrodeposition 
work, and there is ample provision in the way of tanks and electrical measuring instru- 
ments. A 48-kw. machine (60 amp. at 80 v.) is also provided, and if necessary 100 kw., 
d. ¢., at 220 v. is available. In the new equipment proposed is included a 100 k.v.a. 
alternator, to give 3-phase current at 220 v. and Scott-connected transformers to give 
2-phase at 110, 55, or 27.5 v. Single phase a. c. will also be available. It is proposed 
to use this power mainly for furnace operations. 

Lonpon. (Northampton Polytechnic.) The electrochemical laboratory is fitted 
in a complete manner with current generating apparatus, secondary batteries, and 
depositing vats for hot and cold work, in which all the usual processes for the electro- 
deposition of metals can be carried out, on a commercial scale and under ordinary 


workshop conditions. 
For the study of the more advanced sections of the subject, the laboratory is 


equipped with complete apparatus for the investigation of electrolytic conduction, 
electrode potentials, electrolytic analysis, electric furnace methods, and pyrometric 
Opportunities are thus afforded of carrying out commercial operations 
on a scale which admits of a complete quantitative investigation from the electrical 


observations. 


and chemical standpoints. 

MANCHESTER. (Owens College.) The electrometallurgical laboratories are mainly 
intended for advanced work and research. In addition to the necessary apparatus for 
practical instruction in electroanalysis, electrodeposition of metals, and other elec- 
trolytic processes, especially complete provision is made for high temperature work. 
The equipment includes among other apparatus a very flexible generator, which will 
give 650 amp. at 10 to 60 v. and 400 amp. at 100 v., d. c., and also 40 k.v.a. single phase 
a.c. at 21 to 25 cycles and 70 v. By means of the field rheostat and a 40 k.v.a. 70/16?/; 
v. transformer, with low tension series parallel connection to give six parallels, it is 
possible to obtain any intermediate voltage up to 100 v., and currents up to 2400 amp. 
on the lowest voltage. This generator supplies the energy for Moissan arc furnace, 
high pressure carbon tube furnace, the vacuum tube furnace for melting, degassing 
and boiling of metals, carbide and carborundum furnaces, ete., and also for electro- 
deposition on a large scale. In addition a 15 k.v.a. valve operated high frequency 
furnace has recently been installed, which can be used for open or vacuum melting. 
A 5 k.v.a. molybdenum-wound furnace is also on order. For small wire-wound resistor 
furnaces, town supply at 240 v., 50 cycles, a. c., and 200 v., d. c., is available, while 
for electrolytic and other work 20 amp. at 2, 4,... 10 v. and 10, 20, .. . 100 v. is avail- 
able from a storage battery installation. 

There is ample provision in the way of auxiliary apparatus—instruments, vacuum 
pumps, auto-transformers, etc. 

MANCHESTER. (College of Technology.) The laboratories are adequately 
equipped for electroanalysis, conductometric and potentiometric determinations, 
electrolytic preparations and electroplating, and also with electric furnaces of are and 
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resistance types of various sizes. Both a. c. and d. c. power are available from storage 
batteries and from generators. 

SHEFFIELD. There is a special laboratory equipped for electroplating work, and 
a plant for plating on commercial scale with tanks provided with agitating machinery. 
The necessary accessory apparatus for preparation, including pickling and sand blasting, 
and for finishing by scratch-brushing, buffing, and polishing is also provided. 

As regards high temperature metallurgy there is a 100-cwt. Greaves-Etchells are 
furnace with 260-k.v.a. transformer, a 3-cwt. Kjellin induction furnace, with its own 
motor generator set, a 35-k.v.a. Ajax-Northrup high frequency induction furnace, with 
vacuum vessel and exhaust pumps, and a laboratory size valve operated high frequency 
furnace, as well as electric resistance furnaces, including a molybdenum wire-wound 
furnace. 


Postgraduate Instruction and Research 


The Imperial College is the only institution at which electrochemistry 
is definitely a postgraduate and research course, but most of the univer- 
sities offer facilities. In particular at those institutions where the electro- 
chemical courses have been optional in the work for the first degrees, the 
courses will be open to those research students to whom such courses 
are of interest or have instructional value in connection with their par- 
ticular research problems. 

The equipment available and reference to the scientific journals will 
show the range of work possible. As examples of what has and is being 
done the following incomplete list must suffice. 

CAMBRIDGE. ‘The properties of active nitrogen; the chemical reactions 
stimulated by electron collision; the glass electrode; the phenomenon of 
overvoltage of H, and O, on metal; the photoelectric effect on electrodes; 
the membrane potentials of gelatin; potential differences at air-liquid 
interfaces; the electrical synthesis of nitric oxide; the electrical con- 
ductivity of adsorbed films of water; electrical conductivity of telluronium, 
thallonium, and stibonium salts; potentiometric titrations of alkyl-bases 
of tellurium, thallium, and antimony; the oxygen electrode. 

MANCHESTER (OWENS COLLEGE.) The research work of recent years 
has included the effect of gases on copper at high temperature; effect of 
gases on iron at high temperature; electrochemical properties of fused 
cryolite and cryolite alumina mixtures; electromotive behavior of iron- 
chromium alloys; effect of oxygen on electrode potentials of metals; 
reactions between cathodic hydrogen and nitrogen; influence of colloidal 
addition agents on cathodic polarization of Cu:CuSO;:Cu cell, and grain 
size of resulting deposit. 

SHEFFIELD. Work is being carried out for the committee on electro- 
deposition of the Department of Scientific and Industrial Research, the 
British Non-Ferrous Research Association, and for the British Electrical 
and Allied Industrial Research Association, and includes investigations on 
rate or rise of potential during deposition, and influence of superimposed 
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a. c. of any desired frequency, and of interrupted currents of variable fre- 
quency on deposition processes. 


Summary 


There are only two institutions in England which have definite spe- 
cialized courses in electrochemistry, namely the Imperial College, which 
provides a postgraduate course for those who have already graduated 
with honors in chemistry, and Manchester (College of Technology), which 
awards a B.Sc. (Tech.) in this subject. Facilities exist, however, at many 
of the higher institutions for the teaching of this subject and chemists, 
metallurgists, and engineers who are interested can obtain instruction, 
either as part of their course, by the exercise of their options, or by post- 
graduate work. At most English universities theoretical electrochemistry 
is incorporated in the instruction in physical chemistry, and no more 
than brief references to technical applications will occur at appropriate 
points in the other courses. Instruction in applied electrochemistry 
has mainly a metallurgical bias, but some chemistry schools, such as 
Birmingham and Liverpool, include this subject in their curricula, and at 
least one electrical engineering school (Northampton Polytechnic) in- 
cludes it in its degree course. Where electrometallurgy is taught it may 
be dealt with either as a separate subject, or the appropriate sections 
introduced into the courses on extraction, iron and steel, heat treatment, 
etc. lt is apparent, then, that although electrochemistry does not, at 
the present time, occupy an important place in the curricula of the English 
universities, need for such instruction has not been overlooked. Judging 
from the information supplied with regard to the openings available, 
the facilities offered adequately satisfy the present demands, but it is 
reasonable to anticipate that the government’s policy of electrification 
will increase this demand, and that in the future increasing attention 
will be paid to applied electrochemistry, and that important schools 
in this subject will develop as the need arises. 

In conclusion, the author wishes to express his grateful thanks for the 
unfailing courtesy with which his requests for information were received. 
Without the kind assistance of the various professors and teachers to 
whom his inquiries were addressed, it would have been impossible to collect 
the data necessary for the preparation of this paper. 


Evolution of Cottonseed. A United States Government Bullelin brings out this 
highly interesting time table of the evolution of cottonseed; 

1860—Just so much garbage 1880—Developed into a cattle food 

1870—Used as a fertilizer 1890—Became a table food 

Cottonseed is now used for a great variety of purposes, thanks to the appli¢ation 
of chemistry to this former waste product.— Business Chemistry 
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ELECTROCHEMICAL ENGINEERING AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY* 


M. DEKay ‘THOMPSON, MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, 
MASSACHUSETTS 


The present four-year course in electrochemical engineering at the 
Massachusetts Institute of Technology started in 1900, as the electro- 
chemical option in the course in physics. In the year 1909-1910 this 
option was made into an independent course called “Electrochemistry,”’ 
and in 1918-1919 the title was changed to ‘‘Electrochemical Engineering”’ 
on account of the essentially engineering character of the curriculum. 

The general plan of the course has not changed materially since it was 
first laid out, but many minor changes have been made. At present 
the course Jasts four years with a certain amount of summer school re- 
quired at the end of the first year. Fourteen per cent of the total time is 
given to electrochemistry, 16 per cent to general studies, such as history, 
English, German, French, political economy, and certain electives, and 
the remaining 70 per cent to engineering and scientific subjects. 

The purpose of the course is to furnish preparation for entering the 
electrochemical, electrical, or chemical industries. ‘The electrical studies 
are similar to those taken by students in electrical engineering, and in- 
clude courses in direct and alternating current generators and motors, 
power transmission, and practice in the laboratories of electrical engineering 
and electrical testing. Instruction in chemistry is chiefly in analytical, 
organic, and industrial chemistry. Mechanism, applied mechanic and the 
examination of materials by the methods of metallography and X-rays 
are included. As an important aid to research work, sixty hours of 
machine tool laboratory are required, and twenty hours of practice in 
glass blowing are offered as an optional course. 

The instruction in electrochemistry begins in the first term of the third 
year and continues for two years. During the third year the underlying 
principles of chemical and electrochemical phenomena are discussed, both 
from the kinetic and thermodynamic points of view. During the first 
term of the fourth year this course is accompanied by extended laboratory 
practice in electrochemical measurements. During the latter part of the 
first and for five weeks during the second term a lecture course in applied 


electrochemistry is given, and at the same time a laboratory course on the . 


same subject. ‘This consists of eighteen experiments, nine with electric 
furnaces, and nine in aqueous solutions. 
The electric furnace experiments are at present as follows: (1) melting 
efficiency of an induction furnace of the Kjellin type; (2) melting efficiency 
* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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of an Ajax-Northrup high frequency furnace; (3) calibration of an Arsem 
vacuum furnace; the preparation of (+) aluminum; (5) carborundum; 
(6) calcium carbide; (7) ferro-chromium; (8) ferrosilicon from garnet, 
and (9) refining steel in a 200-pound Booth arc furnace. ‘The experi- 
ments in aqueous solution are: (1) manufacture and test of a two-plate 
storage cell; (2) copper refining (in the mining department), and the 
production on a small scale of: (3) hypochlorite, (4) chlorate, (5) perchlo- 
rate, (6) persulfate, (7) iodoform, (8) lead dioxide, and (9) white lead. 

Following the close of the lecture course on applied electro-chemistry, 
during the final ten weeks of the fourth year, five hours a week are spent 
on designing the electrochemical equipment of plants for various products, 
and estimating the cost of production. 

There are laboratory desks for twenty-four in the electrochemical 
laboratory. ‘The desk equipment for each student comprises a Weston 
ammeter and three-scale voltmeter, conductance apparatus, sensitive 
desk galvanometer, and thermostat, besides the usual chemical glass 
apparatus. The desk switch boards have the following electrical circuits: 
(1) direct current: 115 volts, a storage battery from 2 to 20 volts, a motor 
generator 15 to 35 volts, and a special single 2-volt cell; (2) alternating 
current: 115 volts, and high frequency circuit for conductance. Each 
desk also has hot and cold water, blast, suction, and gas. 

The alternating current supply for the electric furnaces consists of three 
transformers of 150, 80, and 60 kilowatts capacity, respectively. The 
primaries are supplied with 2300 volts, and the secondary windings are 
divided into independent coils terminating in a switchboard so that volt- 
ages can be varied in steps of ten volts. The separate windings can be 
connected in series or in parallel. 

For finer regulation carbon plate rheostats or induction regulators are 
used. The larger part of the furnaces used are indicated by the list of 
experiments above, but for general purposes there are also the following: 
a Hoskins carbon plate resistance furnace of about 25 kilowatts capacity, 
a General Electric molybdenum wound tube furnace, a second Arsem 
vacuum furnace, and a 4-kilowatt wire wound crucible furnace with a 
special transformer and switch board. 

Postgraduate courses leading to the degrees of Master of Science 
and Doctor of Science in electrochemistry are offered. Up to the present 
time two doctor’s degrees have been given and ten master’s degrees. 

It may be interesting to note into what kinds of work the graduates 
from this course have gone. The twenty-six classes from 1903 to 1928 
have graduates about 268, but the occupations of only 210 of these are 
on the records. About 14 per cent of these are in electrochemical com- 
panies. The following tabulation does not distinguish between electro- 
chemical and other occupations: 
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Per Cent 
Engineers, most in the services of some company Meet eae 22.0 
Directors, managers or superintendents........ 15. 
COMNBEO NERCHONS: 5.5 de o5 5 Wnts wwe eS a ; 9. 
AWG CEG wc sia diate ole le Beto ate a 
Presidents or vice presidents 
Research workers.......... 
Metallurgists....... 
CHERNSES. ccc 5.65.08 8s 
Business men 


‘The most interesting data would relate to the salaries earned, but 
information on this point is available. 


UNITED STATES CIVIL-SERVICE EXAMINATION 


The United States Civil-Service Commission announces an open competitive ex- 
amination for JUNIOR PATENT EXAMINER. ‘The entrance salary is $2000a year. Higher- 
salaried positions are filled through promotion. Applications must be on file with the 
Civil-Service Commission at Washington, D. C., not later than February 18, 1930. 

The examination is to fill vacancies in the Patent Office, Washington, D. C. 

The duties are to perform elementary, scientific, or technical work in the examination 
of applications for patents; to see what the alleged inventor thinks he has produced that 
is new; and tosee that the disclosure is complete; and to investigate the prior art as 
represented by patents already granted in the United States and various foreign countries 
and by the descriptions in technical literature. 

Competitors will be rated on physics, technics, mechanical drawings, and the op- 
tional subject or subjects chosen. The optionals are (1) mechanical engineering, (2) 
physical and organic chemistry, (3) chemical engineering, (4) civil engineering, (5) 
electrical engineering. French or German, or both may also be included if desired. 
Qualifying in the language test increases the probability of appointment. 

Full information may be obtained from the United States Civil-Service Commis- 
sion, Washington, D. C., or from the secretary of the United States Civil-Service Board 
of Examiners at the post office or customhouse in any city. 


A Great Raw Material. In this new age it may confidently be predicted that 
with increasing knowledge, cellulose will take its place as a great chemical raw material. 

Already, technical literature and patent indices are recording at an increasing 
rate new chemical derivatives of cellulose, many of which may reasonably be expected 
to appear in industry within the next five or six years. It is only the complex chemi- 
cal character of cellulose that has delayed so long its utilization as a raw material for 
chemical transformation, but as the nature of the cellulose molecule continues to be 
elucidated, a material of which so large a supply is potentially available will surely find 
useful application. 

This is one of the major problems with which we are now engaged.— Business 


Chemistry 











THE IMPORTANCE OF ELECTROCHEMISTRY IN THE 
fEACHING OF ANALYTICAL CHEMISTRY* 


N. HowE.t FuRMAN, PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY 


The remarks that come to mind under the above title might equally 
well be called the importance of analytical chemistry in the teaching of 
electrochemistry, for the purpose of this paper is to consider two questions 
first, how much of the field of electrochemistry is included in other standard 
undergraduate courses in chemistry; and second, what is the relation 
of electrochemistry to courses in analytical chemistry. 

At Princeton, as in many other colleges and universities, there is no 
formal undergraduate course in electrochemistry, although an excellent, 
theoretical, and practical graduate course is offered. Nevertheless a 
substantial part of the theory of electrochemistry, together with repre- 
sentative laboratory experiments, is included in the courses as they are at 
present organized. 

In the introductory courses in general inorganic chemistry the theory 
of electrolytic dissociation is considered, and some simple qualitative 
conductance experiments are performed by the students. Electrolytic 
preparation methods are discussed, and some of the broader aspects of 
electrochemistry are considered. Naturally the discussion of technical 
electrochemical methods is brief and elementary. 

In the courses in qualitative and quantitative analysis the application 
of the law of mass action to ionic equilibria is considered in some detail, 
with representative problems. Oxidation-reduction reactions are con- 
sidered from an electrochemical viewpoint. The subject of electro- 
analysis is entered into fairly thoroughly. The relation of certain other 
electrochemical topics to analytical processes is discussed in connection 
with the coagulation of colloids, choice of indicators, etc. 

In the physical chemistry courses there is a considerable proportion 
of theoretical and experimental electrochemistry, including ionic equilibria, 
conductance, and potential measurements, together with their various 
applications. The electrical behavior of solids, liquids, and gases is con- 
sidered. 

The principles of electrochemical processes, as applied to preparative 
work, are illustrated by certain experiments in the courses in advanced 

inorganic and industrial chemistry. Students who desire to try the 
electrochemical preparation of certain organic compounds, are permitted 
to attempt such work in connection with their courses in organic chemistry, 
or as an optional project. At present no work of this kind is required 
in these courses. 
* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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Without going too much into detail the writer estimates that about 
80 per cent of the material that is included in a representative book on x 
electrochemistry, as for example “Electrochemistry,” Volume I, Creighton 
and Fink, Wiley, is dealt with in the present undergraduate courses. 

Furthermore, in their upper-class years our students are required 





ie to elect only four courses, and spend the time thus released in independent , 
sc study under the supervision of some member of the faculty. A con- 1 
sail siderable number choose fields of study which involve some electro- 
ae chemistry. Practically all of those who work under the writer’s direction i 
study potentiometric titration methods, pH measurement (electrometric- ‘ 
= ally and with indicators), and other electrochemical processes, as, for ex- r 
nt, ample, electrodeposition methods. 
~~ It is interesting to note that a somewhat similar plan of independ- 
is ent study is used in certain foreign institutions. For example, at the | 
m Eidgendssiche Technische Hochschule, Ziirich, in the final year the chem- i 
istry students in connection with the “‘Diplom Arbeit,” devote a certain ik 
-_ amount of time to more or less independent study of analytical processes, i 
wl under the guidance of Professor W. D. Treadwell. Recently the majority i 
tic of students have worked in the field of potentiometric titration. Rather fy 
of difficult problems are attacked. For example, one student studied ; 
al the use of the electron tube voltmeter in a variety of typical titrations, ay 
which had been studied previously; he then studied new titrations, ih 
a which involved the use of sodium hydrosulfite with rigid exclusion of + 
il, air. A very creditable orientation study of the problem was made in 
om about five weeks of intensive work. 
“ At other institutions, which offer no formal undergraduate course in 4 
wie electrochemistry, there is in general a substantial training in this field that is Ms 
* supplied by the other courses. d 4 
Let us consider the fields of electrochemistry that are especially im- ; 
_ portant to the analyst and in which analytical chemistry can give valuable t 
a, training. At present it seems desirable to attempt in analytical courses, s 
to emphasize the application of the law of mass action to certain types i. 
a. of ionic reactions, and to introduce representative calculations, and lecture j 
experiments illustrating common ion effect, etc. Mention should of course i 
- be made of the activity concept. At present, however, it seems desirable ¥ 
- : to present in a simple manner the principles that apply at least as a good : 
~ first approximation in the sensitive end-point regions, which are of chief i 
- ; interest for qualitative and quantitative analysis. : 
y, j In our courses in quantitative analysis in connection with electro- ; 
a E analysis we include a review of the laws of electrolysis, consider over- . 
voltage effects in an elementary way, and discuss the possibilities of elec- rh 
- 1 The writer had opportunity to make observations while working as a guest in 


Professor Treadwell’s laboratory, Oct., 1927—Jan., 1928, } 
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trolytic separations in general. 1n our new chemical laboratory now 
nearing completion, there is a special room for electro-analysis and related 
analytical methods; it is planned to have apparatus available for follow- 
ing potential changes at the anode or cathode during electrolysis. 

Frequently a few electro-analytical determinations stimulate our stu- 
dents to read not only the theoretical sections of Classen-Hall’s book, for 
example, but even to read more broadly in the field of electrochemistry. 
Most of them inquire into the sources of current, and revise their early 
conceptions of the e. m. f. series. Some students have studied Frary’s 
magnetic stirring device. 

Although electro-analysis, in the opinion of one foreign worker who has 
many contributions in this field, “now belongs in the museum class” 
of methods, that is, appears to be substantially complete, most students 
profit much from experience in this field of study. 

The theory of volumetric analysis rests on an adequate foundation, 
in our opinion, only when it is discussed throughout from an electrochemical 
viewpoint. ‘To quote, “If a system is in mobile equilibrium it is relatively 
easy to formulate the mathematical discussion of the possibility of a titra- 
tion, to find the optimum working conditions, and to calculate the titration 
error... A new method does not need to be developed purely empirically, 
it may generally be deduced theoretically.”"* The foregoing statements 
appear to have been justified abundantly through the amazing develop- 
ment of electro-titration methods during the past decade. 

The study of even rather elementary volumetric determinations may 
be made to contribute much to the student’s understanding of ionic 
reactions and equilibria. It is difficult to discuss the titration of a weak 
acid with a strong base, or vice versa, without some consideration of the 
electrochemical principles which govern the hydrolytic equilibria and the 
corresponding choice of indicators. 

When methods that rest upon other types of ionic reactions are con- 
sidered, the electrochemical viewpoint is found to be very serviceable 
in picturing the course of the reaction in question, and in deciding as to the 
limitations of the method, the possibilities of indicator action, etc. The 
electronic viewpoint of oxidation-reduction reactions appears to be useful 
to students in mastering the more difficult processes. 

A clear understanding of the usual types of volumetric methods serves 
to unify the whole field of ionic reactions. If some potentiometric and 
conductometric methods are included in the study, the electrochemical 
viewpoint becomes even more serviceable, and many theories and experi- 
mental facts are correlated in a clear fashion. The author has previously 


21. M. Kolthoff, Volumetric Analysis, Vol. I, viii, John Wiley & Sons, New York, 
1928. 
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discussed the usefulness of potentiometric titrations as a means of studying 
electrochemical principles.* 

In the symposium upon the teaching of physical chemistry at the 76th 
meeting of the American Chemical Society at Swampscott, Mass., Sep- 
tember, 1928, the idea was expressed that certain topics formerly dealt 
with in physical chemistry courses might profitably be transferred to 
analytical courses; in particular potentiometric and conductance de- 
terminations and certain other electrochemical topics were specified.‘ 
The writer is in accord with this view, especially in connection with electro- 
titration methods. 

Differences in educational policy, personnel, and equipment will in 
specific instances determine whether it is advisable to give a formal course 
in electrochemistry, or to distribute the subject matter among other 
courses. ‘The essential thing is that the students shall receive opportu- 
nity to study and experiment with electrochemical methods. Many 
excellent electro-titration methods have been devised in the electro- 
chemical laboratory of the Technische Hochschule, Dresden, for example, 
while at other institutions, e. g., Utrecht and Ziirich, important contribu- 
tions in the same field, as well as if other branches of electrochemistry, 
have emanated from the analytical laboratories. 

Much of the recent development of analytical methods is directly trace- 
able to advances in understanding of electrochemical principles. Present 
trends seem to indicate that the electrochemical viewpoint will be out- 
standing in the teaching of analytical chemistry in the coming decade, and 
conversely that the teaching of analytical chemistry can be of increasing 
importance in giving fundamental training in certain branches of electro- 
chemistry. 

3 Tus JouRNAL, 3, 932 (Aug., 1926). 
4 Cf. V. K. LaMer, Ibid., 6, 263 (Feb., 1929). 


Diphenyl for Heat Transmission. The Federal Phosphorus Co., of the United 
States, announces the production of diphenyl (CsH;-CsHs) on a commercial scale suffi- 
cient to supply the requirements of one of the oil refiners for refining lubricating oils. 
The use of diphenyl in boilers in place of water is said to permit of high temperatures 
at low pressures, making it possible to maintain temperatures at 750°F. with a pressure 
of only 115 lb. Material which has been subjected to these conditions for several 
months has shown no tendency to decompose. ‘Thus it offers the possibility of solving 
problems of distillation and evaporation in connection with products involving high 
temperatures. In addition to the refining of lubricating oils it offers possibilities in the 
evaporation of high-boiling solutions such as calcium chloride and caustic soda; the 
distillation of high-boiling organic chemicals; the distillation of fatty acids; and the 
bodying of gums and oils for varnishes and printing inks.— Chem. Age 
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THE TEACHING OF ELECTRO-ORGANIC CHEMISTRY* 


C. J. BROCKMAN, UNIVERSITY OF GEORGIA, ATHENS, GEORGIA 


Electro-organic chemistry seems to be a highly specialized combination 
of two major branches of chemistry, namely, electrochemistry and organic 
chemistry. It seems to be the middle ground where these two sciences 
fuse together. ‘This border territory constitutes a field of chemistry in 
which one encounters the most complicated difficulties of electrolysis and 
of organic chemistry. These may account to some extent for the lack of 
interest shown by universities in this country in teaching electro-organic 
chemistry. 

But, on the other hand, the field has so few industrial applications, and 
it appears at the first glance to be so highly specialized, that it is not at- 
tractive to many in the science. Electro-organic chemistry, from the 
standpoint of synthetic reactions, deals with all of the gradations in oxida- 
tion and reduction reactions which are available at electrode interfaces, 
from the weakest to the strongest, and then deals with the separation and 
identification of many simultaneously occurring otganic compounds in 
the resulting solutions. ‘his, at times, is a rather imposing task. How- 
ever, experimental difficulties seldom can deter or hinder an interested 
and enthusiastic investigator. 

So far as I have been able to determine, there is no undergraduate course 
set apart as a unit in which electro-organic chemistry is considered as the 
sole subject matter of the course. It is, however, considered in practically 
every course in theoretical electrochemistry which is given in the country. 
There are some exceptions, which to the writer have been astonishing. 
It is the author’s opinion that a study of the electrolysis of organic com- 
pounds is as justly a part of the fundamentals of electrochemistry, as is 
the study of the formation of chlorate or persulfate. 

In the laboratory procedures of electrochemistry courses, electro-organic 
chemistry is considered up to about 10 per cent of the content of the 
courses in some institutions. ‘There are certain fundamental prepara- 
tions, which are made as examples of the electrode reactions of oxidation, 
of reduction, of substitution, and the use of catalysts or carriers. These 
are the oxidation of ethyl and methyl alcohols, the preparation of iodo- 
form from ethyl alcohol, and from acetone, the reduction of nitrobenzene 
to aniline, and the oxidation of anthracene to anthraquinone. I might 
add that these are the formal courses in electrochemistry in which these 
preparations are made, and so far as I have been able to determine about 
10 institutions in this country are giving such instruction. 


* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
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Besides the above formal courses, mention is made in many institutions, 
in the general courses of organic and physical chemistry, of the applica- 
tions of electro-organic chemistry, without actual laboratory manipula- 
tions to accompany the theoretical outline. These courses are purely 
informational in regard to electro-organic chemistry. 

When it comes to graduate work, the field is even more limited. Only 
a few universities have graduate students interested in electro-organic 
chemistry, but in these institutions the work is of fundamental value, and 
is finally published in the journal literature, so that the record is per- 
manent. Possibly five institutions have graduate students doing work 
at one time, and the list of such institutions changes as the desires of the 
students vary from year to year. 

There is only one university which has done consistent work, and has 
published its results with any degree of regularity, during the past nine 
years, and all of these papers have appeared in the A. EF. S. Transactions. 
Here and there at more or less sporadic intervals is a paper published in 
the journals of this country. ‘Therefore formal interest in electro-organic 
chemistry is exceedingly slight in the United States and Canada. 

So far as South America is concerned, I could discover no activity. 
The universities of the Scandinavian countries give a slight consideration 
to electro-organic syntheses in their courses on electrochemistry, with 
some laboratory preparations. In Italy little is done, sometimes only 
one or two preparations being made in the laboratory. In Japan a short 
course in electro-organic chemistry is to begin in April of this year, at one 
of their rapidly developing Japanese institutions. I could get no informa- 
tion from Russia. 

In Belgium and France, and in the Netherlands, the work is more or less 
formal, and is mostly for graduate students, so is subsequently published. 
However, the greatest bulk of published work appears in Germany and in 
Switzerland, and mostly from one institution in each country. This work 
is fundamental in the study of electro-organic oxidation, and is prosecuted 
in the laboratories of the students aspiring to the ‘Dr. Ing.” or the ‘““Ph.D.”’ 
degrees. 

The results of these investigations are usually published in the Zeit- 
schrift fiir Elektrochemie, the official organ of our sister society, the Bunsen- 
Gesellschaft, or in the Helvetia Chimica Acta, the official organ of the Swiss 
Chemical Society. Some papers from Switzerland have been printed in 
the A. E. S. Transactions from time to time. 

The reasons for this seemingly general disinterestedness in electro- 
organic chemistry by most chemists may be rather varied. One of my 
correspondents in the Netherlands suggests that for the most part it may 
be due to ‘‘the fact that electrochemists are generally poor organic chemists, 
and vice versa.’’ An electrochemist in Belgium suggests that there will not 
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be a serious application of electro-organic chemistry in industry until 
new methods, which are at present unknown, are brought to light. 

There is, something in these two statements which demands serious 
consideration by those who are interested in electro-organic chemistry. 
In the opinion of the writer there apparently is no valid reason for the 
general neglect of this phase of chemistry on the part of educational 
institutions, which are primarily interested in the teaching of organic 
chemistry or of electrochemistry. A valuable tool for the synthetic 
organic chemist has been almost studiously neglected, from the pedagogic 
standpoint at least. But since the literature is now generally available, 
the author looks forward to great progress in the next decade. 


UNKNOWNS FOR QUANTITATIVE ANALYSIS 
E. A. VUILLEUMIER, DICKINSON COLLEGE, CARLISLE, PENNSYLVANIA 


It is possible to prepare unknowns for quantitative analysis at the rate 
of sixty per hour; unknowns in which the instructor can have a high de- 
gree of confidence. 

‘The method can be illustrated as follows. Let us assume that the mem- : 
bers of the class have standardized approximately half-normal acid and 
base. ‘The instructor measures from a buret, into numbered Erlenmeyer 
flasks, varying quantities of half-normal oxalic acid, and dilutes to about 
50 cc. The method of preparing the unknowns is explained to the mem- 
bers of the class. ‘The student is instructed to report the volume of half- 
normal oxalic acid measured into his flask. 


Calcium Phosphorus and Vitamin D Necessary for Good Teeth. To have good 
teeth that will not decay easily one must eat food that has plentiful amounts of calcium, 
phosphorus, and vitamin D, Mrs. May Mellanby of Sheffield, England, found as a result 
of feeding experiments with animals and children. 

The substances that are necessary for the development of good teeth are also neces- 
sary for the development of good healthy bones, Mrs. Mellanby stated in a recent 
report to the American Dental Association. In rickets, when the bone development is 
poor, the same defects appear in the structure of the teeth. Children suffering from 
rickets also had many decayed teeth, while in children who were not rachitic, tooth 
decay was rare, Mrs. Mellanby observed. 

Oatmeal and maize and other cereals and cereal products are good sources of cal- 
cium and phosphorus, but they interfere with calcification, because they contain sub- 
stances antagonistic to vitamin D, the ‘“‘toxamins’’ demonstrated by Mrs. Mellanby’s 
husband, Dr. E. Mellanby. However, if the cereals are irradiated and thus supplied 
with vitamin D they become factors assisting in the calcification of the teeth, Mrs. 
Mellanby said.—Science Service 
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ELECTRICAL MEASURING INSTRUMENTS FOR USE IN 
TEACHING ELECTROCHEMISTRY* 


HENRY C. ParKER, U.S. PATENT OFFICE, WASHINGTON, D. C. 


Electrochemistry is a comparatively new subject in the college curricu- 
lum. During the past few years there has been a gradual tendency to 
place the majority of such scientific subjects on a more practical basis than 
heretofore, and electrochemistry has been among the foremost of these 
subjects. ‘The tendency has been not to eliminate the theoretical side 
of the subjects, but to include practical applications of the theory in illus 
tration thereof. 

However, the introduction of practical applications has not yet fully 
extended to the electrical instruments which are used in the laboratory 
experiments. ‘The tendency still appears to be to purchase and use instru- 
ments which are adaptable for several different services, with all external 
connections, in order to teach the fundamentals of the potentiometer, the 
Wheatstone bridge, etc., rather than instruments which are sufficiently 
practical to find actual use in the industries themselves. 


Potentiometers 


’ 


The so-called ‘“‘Student’s Potentiometer’’ can be used for temperature 
measurements with thermocouples, or for H-ion measurements, and is 
also adaptable as a Wheatstone bridge. It is probably on account of its 
adaptability that this instrument is one of the most frequently found in- 
struments in the electrochemical laboratories. This instrument, with the 
external connections required to make potentiometric measurements, is 
shown in Figure 1.1. The ‘“Iype K”’ potentiometer, a far more accurate 
instrument, is shown in Figure 2. 

In many electrochemical laboratory courses, a student is given one of 
these instruments, a buffer solution and two or three Hildebrand hydrogen 
electrodes, and is then expected to obtain checks out to approximately 
four places. It is quite evident, from the connections shown in these 
figures, that such an experiment consists in an exercise of making electrical 
connections, rather than in the practical use of H-ion measurements. 
There is probably no better method of teaching the principle of a potenti- 
ometer, but this should have been already learned by the students from 
previous courses in more closely related subjects. When a student has 
completed an experiment of this nature, he is generally skeptical about 


* Presented before the Fifty-fifth General Meeting of the American Electrochemical 
Society, held at Toronto, Canada, May 27, 28, and 29, 1929. 
' Figures 1, 2, 3, 4, 5, 6, and 7 are reproduced by courtesy of Leeds & Northrup 
Co., Philadelphia. 
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STUDENTS’ POTENTIOMETER 























FIGURE 1 


H-ion measurements in general, and is convinced that their proper place 
is anywhere but in an industrial laboratory. 

There are several other practical potentiometers in the market, which 
are adapted for industrial use. In Figure 3 is shown the ‘‘Portable Acidity 
Meter,” which has a self-contained battery and standard cell. This in- 
strument is provided with two scales, one reading from 0 to 1.6 volts and 
the other directly in pH, for use with the hydrogen electrode. 

In Figure 4 is shown the popular ‘‘pH indicator.” This instrument has 
a self-contained standard cell, and has a voltage scale especially adapted 
for use with the quinhydrone electrode. In between these two instru- 
ments there is the ‘‘Hydrogen-Ion Potentiometer,’’ which is direct reading 
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as but not portable, and the ‘“‘Portable Potentiometer,” which is portable but 
y . . 
ng | not direct reading. é 
4 In addition there is the ‘“H-ion Field Kit’’ shown in Figure 5. This 
i instrument is entirely self-contained, including all necessary chemicals, etc. . 


It is direct reading in pH, for both the quinhydrone and the hydrogen ; 
electrodes. A description of the operation of this instrument has recently 
been published.? , 





H Wheatstone Bridges 


The conventional meter slide wire Wheatstone bridge is too well known 
(o require a description. ‘his is another instrument whose use is more in ; i 








' the nature of a study of electrical connections than in the practical use of 
: he measurements. ‘The use of buzzer and telephone receivers makes this 
q ‘ustrument unsuited for most industrial purposes. 

y Several Wheatstone bridges are now on the market which make use 


of the 60-cycle lighting circuit as a source of supply, and an alternating 
* Parker, Ind. Eng. Chem., 20, 676 (1928). 
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FIGURE 4.—THE PH INDICATOR 


current galvanometer as a detector. In Figure 6 is shown the face of a 
newly developed bridge, which is very convenient for working out new 
It is called the mho-ohm 


applications of conductance measurements. 
bridge because it will measure in either of these units according to the 
This bridge measures from 1 to 12,000 


position of the two reversing plugs. 
ohms or from 0.1 to 1 X 107° mhos. 

In taking a measurement, the conductivity cell is attached to the posts 
marked ‘‘cell.”” Current is supplied to the posts marked “110 volts,’’ 60 
or 25 cycles. The two keys are depressed, and the galvanometer is 
brought to balance by shifting the single plug, and finally by turning the 
slide wire. ‘The reading in either mhos or ohms is found by multiplying 
the dial reading by the proper ratio found at the base of the single plug. 
A reciprocal reading may be taken as a check by reversing the position 
of the double plug and rebalancing the bridge. 

The advantage of using a bridge which is direct reading in mhos, or 
relative conductance, is readily appreciated when it is mentioned that the 
relation between conductance and concentration is nearly linear for a large 


number of industrial solutions. In many cases these readings may be used 


directly as a measure of concentrations. 
Figure 7 shows another recently developed bridge, whose operation has 
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FiGuRE 5.—THE HyprRoGEn-ION FIELD KIT 


not been described previously. This bridge was designed especially for 
measuring ash in sugar, but may be used for any other type of measurement 
as well. This particular bridge is suitable for use with a cell whose con- 
stant is close to 0.15 cm.~' and may then be calibrated to read conduc- 
tivity (specific conductance) directly. It is also provided with hand 
temperature compensation, to reduce all readings to the conductivity at 
20°C. 

The temperature compensation dial is correct for solutions having a 
temperature coefficient of 2.19 per cent per degree C. ‘This coefficient is 
about the average value obtained for dilute salt solutions at room tem- 
peratures. All the measurements made at 20°C. are correct, regardless 
of the temperature coefficient, and, if all measurements are made in the 
neighborhood of this temperature, no appreciable error will be introduced, 
even with solutions having a temperature coefficient differing considerably 
from the value of 2.19 per cent. 

The bridge is calibrated by introducing a solution of potassium chloride 
containing 0.581 gram per liter, into the cell. ‘The conductivity of this 
solution, at 20°C., is exactly 0.001, and this value is set up on the bridge. 
The keys are depressed and the bridge is balanced by turning the tempera- 
ture compensation dial. ‘The two screws found near the center of the dial 
are loosened, which releases the outer disc, upon which is engraved the 





JOURNAL OF CHEMICAL EDUCATION 


JANUARY, 


1930 








a we 











F1iGuURE 6.—THE MHo-OHM BRIDGE 


Bot Snes eens 


























Pela: SN OED Ny 


aM gk She Sa F Ie RR Re ORME TAC SSOS Co 


sieeteten 
boiaee 


fab 





neh enasenk 


Fa rae ae 





Vou. 7, No. 1 TEACHING OF ELECTROCHEMISTRY 

















FIGURE 7.—THE SUGAR ASH BRIDGE 


cell constant and temperature scales. This outer disc is then turned, 
independently, to read the temperature of the standard solution, as in- 
dicated by the thermometer in the cell. The screws are again tightened 
and the bridge is calibrated. Subsequent calibration should be required 
not more frequently than once in six months. 

The cell constant may be read directly from the corresponding scale. 
Subsequent measurements are made by first turning the compensator to 
read the temperature of the solution in the cell, and then balancing the 
bridge by turning the slide wire and moving the plug. By reversing the 
ingle-pole switch, readings may be taken in conductance units, expressed 
in reciprocal megohms. ‘These readings depend on the temperature and 
‘ell constant—factors which are eliminated in the readings of the con- 
ductivity. 

In Figure 8 is shown the bridge diagram of the sugar ash bridge. It 
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FIGURE 8.—CONNECTIONS OF THE SUGAR ASH BRIDGE 


will be noted that this bridge is so connected that, by moving the main 
slide wire, the resistance of only one bridge arm is altered. This permits 
the placing of the temperature and cell constant compensation dial in the 
bridge arm, c, while still permitting ratio coils in the opposite arm of the 
bridge. 

It would be possible to simplify the design slightly, provided a con 
ductivity cell could be found which would retain its calibration indefinitely. 
However, the electrodes of such a cell would always be subject to acci 
dentaJ displacement, and cell constants are frequently found to drift over 
a period of years. Such changes in the cell constant can readily be com 
pensated for, in the sugar ash bridge, by recalibration, while the othe: 
type would continuously give inaccurate readings. 

The bridge shown in Figure 7 is suitable only for solutions which can bs 
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No. 5270 
FIGURE 9.—THE YOUDEN HypRoGEN-ION APPARATUS 
measured with a cell having a constant of 0.15. This includes solutions 
from about 1 per cent salt concentrations to those representing an average 
grade of distilled water. Bridges for use with other cells, having con- 
stants above and below this value, will undoubtedly be supplied as soon 
as the demand is created. 


Miscellaneous Instruments 


The Youden H-Ion Concentration Apparatus.—In Figure 9 is shown a 
newly developed, popular-priced instrument for measuring H-ion concen- 
trations. It is designed primarily for laboratory and field work, and in 
one form is made portable. Simplicity and rapidity of action are claimed 
for it. The wiring of the instrument is based on Hildebrand’s method of 
using a galvanometer as a detector for balancing an auxiliary e. m. f. 
against that of the cell, and then measuring the voltage of the former by 
means of a millivoltmeter (range 0 to 300 mv.). By this method the volt- 
meter draws no current from the H-ion cell. 

This instrument is designed for use with two quinhydrone electrodes, 
one of which is used as the reference electrode. This latter cell is made 
up with a standard phthalate buffer solution with a pH of 3.98. The 
pH of solutions in the other cell is determined by measuring the voltage 
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‘ f] FIGURE 10.—TuHeE Actp-ALKALIMETER 
4 difference (plus or minus), and then reducing to pH values by referring 
a to a table (Pinkhoff method). By the use of the special reference elec 
» 


trode described above, a calomel cell is eliminated. It is recommende:! 
that the reference electrode be made up freshly after about 20 measuri 
ments. 

The Palo Acid-Alkalimeter—Another recently developed instrument is 
i shown in Figure 10. ‘This instrument is essentially a vacuum tube volt 
is meter, adapted to H-ion measurements. ‘The connections have beeil 
t improved considerably since Goode’ first published a connection diagram, 


3 J. Am. Chem. Soc., 44, 26 (1922). 
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and the operation of the instrument is now entirely practical. It is being 
used for both plant control and laboratory work. Unlike the ordinary 
voltmeter, the readings obtained are independent of the internal resist- ‘| 
ance of the cell, and may be made at a considerable distance from the cell. 

The instrument cannot readily be made portable, due to requirements 
in the way of, ‘‘A” and ‘“B” batteries. It is probably best suited for } 
making continuous readings as an indicator, since it is not necessary to turn 
a slide wire to obtain a reading, as in the potentiometer indicator. 

The final reading is taken on a voltmeter having a range from 0 to 1.5 
| volts. The same meter also acts as a milliammeter. The indicating 
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meter has a special calibration, so that the instrument can be made direct ' 
reading in pH for any type of electrode, including the quinhydrone and "4 
hydrogen electrodes. 

The Haring Cell.—An instrument designed especially for use in the ' 
industrial electrochemical laboratory is shown in Figure 11. The Haring é 
cell is essentially a practical instrument, but it is also well adapted for 
teaching the fundamentals of such measurements as resistivity, throwing 
os power, and polarization. The auxiliary equipment required for these 4 
ed A measurements are an ammeter, a variable rheostat and either a voltmeter ‘ 
' or a potentiometer. One of the potentiometers previously described 
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| could readily be used in connection with this cell and, if desired, in a com- 

ay | parative measurement of polarization by the half-cell method. 

olt : Discussion : 

eeil fer ; ; ‘ios ; ' 

on lhe Haring cell, on account of its adaptability for teaching the funda- 


4 Haring, Trans. Am. Electrochem. Soc., 49, 417 (1926), and Haring and Blum, 
liid., 44, 313 (1923). 
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mentals of electrochemistry, will doubtless soon find a place in every 
laboratory where this subject is taught. This will probably be one of the 
first scientific instruments which pupils will endeavor to have introduced 
into the technical laboratories. Some of the other instruments which 
have been described, for measuring H-ion concentrations and conductivity, 
are just as suitable for industrial measurements, and they are gradually 
coming into favor for such use. It appears highly desirable that the 
pupils in electrochemistry become familiar with these instruments, in 
order to be familiar with their use when they enter technical laboratories, 
as well as to encourage their introduction. When instruments have been 
made to be direct reading in the desired units, and when their manipula- 
tion is simple, they are no longer laboratory playthings but practical 
equipment for the industrial laboratory. 


Rare Earth Elements in Glass. Professor Weidert, of the Kaiser Wilhelm Insti- 
tute for Silicate Research of Berlin, and director of the technical optics laboratory of 
the Berlin Technical High School, recently discussed the use of the rare earth elements 
as components of glass. He pointed out that one gram of neodymium or praseodymium 
cost 20 marks before the war, but was now much cheaper. Didymium glass was used 
during the war for secret optical telegraphy. Glass containing cerium was used in 
spectacles to cut out ultra-violet light, and zirconium was used in the production of 
cloudy opal glass. Neodymium glass is especially suitable, by insertion before mercury 
vapor lamps, for the production of monochromatic light. This method deserves intro- 
duction in all investigations in which monochromatic light is indicated, which have 
hitherto been carried out with sodium light, e. g., in the sugar industry. Neodymium 
makes red or green appear sharper; it may, therefore, be used to correct incomplete 
color-blindness. Recently, neodymium and praseodymium have been applied exten- 
sively in the manufacture of art glasses. In these, the color depends on the thickness 
of the glass, so that parts of varying thickness show a changing play of colors; and the 
glass is, therefore, used in the production of artificial gems. The color also depends on 
thet of the incident light; for example, praseodymium glass is green in daylight and 
colorless in candlelight.— Chem. A ge 

Dehydrated Tartrate of Lime. A new product, dehydrated tartrate of lime, known 
as ‘“‘supertartrate,”’ and containing from 73 to 78 per cent of tartaric acid, is now being 
produced from wine lees by the Société Industrielle de Languedoc at its Saint-Laurent 
d’Aigouze plant. The Société Alsacienne des Produits Chimiques d’Alsace is installin: 
at its Vaugouin plant, at Rochelle-Palice, equipment for the dehydration of ordinary 
tartrate, and its transformation into supertartrate. This ordinary tartrate will be 
furnished to the plant by a series of local plants which the company is installing in the 
departments of the Tarn, Aude and Pyrenees-Orientales for the extraction of tartrate 
from distillation residues. It is reported that the Société Industrielle de Languedoc is 
engaged in negotiations for the cession of its patents and processes abroad for the pro 
duction of supertartrate; and in America, for the production of tartaric acid with supet 
tartrate as a basis.—Chem. Age 
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EDUCATIONAL ACTIVITIES OF MELLON INSTITUTE* 


WittiAM A. HAMOR AND LAWRENCE W. Bass, MELLON INSTITUTE OF INDUSTRIAL 
RESEARCH, PITTSBURGH, PENNSYLVANIA 


Mellon Institute is primarily an industrial research organization, but 
one of its fundamental policies is the furtherance of education in the meth- 
ods and results of scientific investigation. It is constantly training basic- 
ally well-qualified young scientists and engineers for research or technical 
posts in specific fields of technology. It coéperates with the various de- 

















MELLON INSTITUTE OF INDUSTRIAL RESEARCH 
Building No. 1. 


partments of the University of Pittsburgh, and also is often of advisory 
assistance to other institutions. Many contributions to scientific literature 
are made annually by the incumbents of the Institute’s Industrial Fellow- 
ships and by the Fellows in its Department of Research in Pure Chemis- 
iry. Education of the general public in important applications of science 
‘o everyday life is being carried on constantly and is usually accomplished 


* Presented before the Division of Chemical Education at the 78th Meeting of 
the A. C. S., Minneapolis, September 10, 1929. 
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by means of carefully planned lectures, radio talks, collaboration with 
periodicals, publication of articles, and wide distribution of reprints. ‘The 
fostering of an appreciation of research, both pure and industrial, by manu- 
facturers—one of the Institute’s fundamental objectives—is an educational 
policy of importance that is continually being nurtured and applied. 

The actual status of the Institute in the educational world may be illus- 
trated by referring to two current misconceptions of its real functions. 
We learn from some of our visitors that we are often regarded as operat- 
ing, on the one hand, a large-scale consulting laboratory, and, on the other, 
an elaborate system of fellowships for the purpose of enabling young men 
to obtain postgraduate training. Each of these conceptions is, to a cer- 
tain degree, true: industry’s problems are investigated contractually, 
but only when they give promise of involving important scientific princi- 
ples and of requiring a period of at least one year for their solution; the 
Institute itself does not offer courses of instruction, although, through a 
coéperative arrangement with the University of Pittsburgh, the younger 
men do obtain chances to pursue postgraduate work leading to higher 
degrees; but many of the older Fellows are specialists of national and even 
international reputations in their respective fields. 

‘The Institute does not vie with practicing consultants or commercial 
laboratories, but directs to them all inquirers regarding chemical analyses, 
physical tests, or ‘‘short-time’’ studies of technologic problems. By follow- 
ing this procedure, the Institute maintains its own distinctive field of in- 
dustrial service and fosters the progress of the specialized practitioner in 
branches of the chemical, physical, and other learned professions. 

The two paramount functions of the Institute—namely, the betterment 
of manufacturing practice, and the advancement of both pure and applied 
science—are carried out by self-supporting Industrial Fellowships, which 
conduct research for associations of manufacturers as well as investiga- 
tions for individual companies. ‘These two main functions may be ana- 
lyzed into such activities as the training of scientific and technical specialists, 
the education of manufacturers to put plant operations on a scientific 
basis, the improvement of present processes and products, and the de- 
velopment of new chemical products, novel processes of manufacture, 
and new uses for known products. ‘The improvement of present processes 
and products includes application of the fundamental sciences associated 
with the industries, prevention of industrial wastes, elimination of difficul- 
ties in manufacturing, standardization of methods and products, and 
lessening of costs of production. ‘The development of new chemical prod- 
ucts embraces the working out of methods of preparation, the devising 
of satisfactory processes of manufacture, and the introduction of the prod- 
ucts to the public. Research on new processes of manufacture includes 
the development of more economical chemical and physical processes, 
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A VIEw IN THE LIBRARY 


the finding of more satisfactory apparatus, and the evolution of more 
efficient mechanical appliances. 

Mellon Institute is perhaps best known by the successful processes which 
it has discovered and put into plant operation. But in advancing tech- 
nology it has also added to the sum of scientific knowledge by the publi- 
cation of reports of the researches carried out on many of its industrial 
Fellowships.!. The Institute has always recognized the necessity for 
sympathetic collaboration in the exchange of information, and it has played 
an important réle in impressing upon American manufacturers the need 
for disseminating the knowledge gained through research. 


Intramural Educational Activities of the Institute 


It is felt that the Institute’s most important function is as an inter- 
mediary between the university and industry. Such, in fact, was the 
principle that led Dr. Robert Kennedy Duncan, the first director, to con- 

1 The total contributions to literature for the seventeen years ended January 1, 
1929, have been as follows: 15 books, 89 bulletins, 471 research reports, 898 other 
irticles, and 391 U. S. patents. These contributions are listed in the Institute’s Bzb- 
llographic Bulletin No. 2 and its two annual supplements. 
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ceive the Industrial Fellowship System. Subsequently the same princi- 
ple has guided Dr. Edward Ray Weidlein, the present director, and his 
executive aides. 

The outstanding points to be considered in looking at the Institute as 
an educational medium for training young men for responsible technical 
posts are manifold: the university atmosphere; the personal supervision 
of a staff which has been developed for this sole purpose; the association 
with specialists covering a large section of the field of technology; the 
library and bibliographic facilities; the close contact with the higher 
officers of the companies or industrial associations maintaining the fellow- 
ships; and the opportunity for studying at close range actual manufac- 
turing operations, although at the same time enjoying a sufficiently de- 
tached position to leave a free, creative mind. ‘These points could be 
elaborated at mucli greater length; but undoubtedly every university teacher 
and every industrialist will realize their importance without further dis- 
cussion, and will perceive that they engender technologic sympathy as 
well as a desirable poise and attitude respecting both science and in- 
dustry. 

The Institute is giving more and more attention to the important branch 
of industrial research that treats of the personal and official duties of the 
research staff, in distinction from the better developed subject of systematic 
research, which deals with bibliochretic and experimental methods. This 
branch has a valuable place in training young men for industrial and pub- 
lic service, principally because it imparts a large amount of useful infor- 
mation, largely gleaned from the experience of the Institute’s executive 
staff, that is not acquired in scientific courses in the universities. All 
fellows of the Institute are instructed in business correspondence and in 
commercial procedures in general, in technical reporting, in the minutiae 
of professional ethics, and, most important of all, in the psychology of 
the industrial mind. The relative prominence accorded to this subject 
makes it gradually easy for a young scientist of correct attitude to appre- 
ciate the industrial point of view. It teaches him to convey to the in- 
dustrial executive the ideas of science and the results of research in a manner 
and language that can be easily comprehended. In industrial research, 
particularly in the practical connections with the companies sustaining 
their fellowship work, the art of making and keeping contacts and of pro- 
moting cordial relations is of constant utility to the fellows. It is of great 
aid in securing essential codperation and in gaining the confidence that re- 
sults, of course, primarily from research accomplishment and technical 
merit. All successful industrial research is built upon trust. 

The Institute considers as one of its most valuable functions the opera- 
tion of a Department of Research in Pure Chemistry. While the chief 
activity of this group of scientists is the investigation of problems not 





Vou. 7, No.1 EDUCATIONAL ACTIVITIES OF MELLON INSTITUTE 








THE FELLOWS’ Room 
The social life of the institution is centered in the Robert Kennedy Duncan Club, 
which has its headquarters in this room. 


suggested by industry, they also act in an advisory capacity to the Indus- 
trial Fellows. 

The experience of Mellon Institute during the past eighteen years makes 
it plain that happy ideas and lucky discoveries have not contributed ma- 
terially to the progress of technology. The stimulus for development 
usually results from demand, and in manufacturers organized on modern 
lines the working out of new processes and the improvement of existing 
processes consist mainly in the application of scientific fact and theory, 
the raw material of the industrial research man and engineer. ‘The Insti- 
tute therefore supports pure research, not merely for altruistic reasons, 
but because pure science research makes for progress in industry per se 
as well as in industrial research. 

It is not out of place to illustrate by several examples the industrial 
importance of pure science research. One of the great needs of the im- 
mense petroleum industry is to acquire knowledge regarding the con- 
stituent hydrocarbons of the various crude oils. ‘This means that these 
hydrocarbons should be separated, purified and identified, and then studied 
to learn their chemical and physical properties. In a similar manner, 
the constituents of naphthas, kerosenes, lubricating oils, and of other pe- 
troleum products are worthy of investigation, in order to learn their value 
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and how they could be increased or reduced in amounts, as needed to make 
oils of special properties. Such information, which cannot be gained by 
the industrial research specialists who are busily giving attention to urgent 
problems in refinery practice and related technical topics of production, 
would be of great value to the petroleum industry in perfecting refining 
methods, in making better products, and in getting new commercial prod- 
ucts. 

Other problems of industrial interest that are within the field of work 
of the pure scientist are the following: the preparation of new organic 
compounds for use in medicine; the application of light and radiations in 
manufacturing operations and in the study of products; the broad study 
of ferments and other biological agents, to see whether they can be 
used to advantage in industry in ways that are new; and the fundamental 
investigation of corrosion for the purpose of learning definitely its causes 
and prevention, especially in manufacturing plants. Such pure science 
research can best be carried on in an institution of the type of Mellon 
Institute, which links science and industry in a practical manner, and 
provides an atmosphere that is codperative and stimulating to the pure 
scientist as well as to the applied science worker. 

During the past ten years the Institute has been expending its income 
not only in conducting research for industry and in the extension of its 
library and experimental facilities, but also in sustaining its Department 
of Research in Pure Chemistry and in supporting certain investigations 
of general importance to public welfare, such as, for example, the compre- 
hensive study of air pollution (smoke and dust abatement) carried on first 
in 1912-14 and later during 1923-24, and recently resumed. 

The Institute’s Department of Research in Pure Chemistry has con- 
tributed to the literature of the following subjects: the preparation and 
standardization of organic compounds of boron to be used by medical 
specialists in research aimed at the relief or cure of epilepsy; the synthesis 
of new hypnotics related to barbital and luminal; the synthesis of new 
local anesthetics of low toxicity, related to anesthesin; and the prepara- 
tion and study of the chemical and physical properties of the ethers of 
ethylene and propylene glycols, some of which are now important indus- 
trial solvents. The more recent problems of the department have been 
concerned chiefly with a study of the acidic carbohydrates in plants. The 
chemical nature of alginic acid has been determined, and the acidic nucleus 
of gum arabic has been shown to be an aldobionic acid closely related to 
carbohydrate products produced by certain pathogenic bacteria. 

Later on it is the intention to increase the number of Fellows in Pure 
Research in this Department. ‘Then, too, the Mellon Institute of the 
future will have departments of research in other pure sciences—in physics 
and in certain of the biological sciences. 
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A CORNER IN ONE OF THE LABORATORIES OF THE DEPARTMENT OF RESEARCH IN 
PURE CHEMISTRY 
Here the Department’s studies in the province of sugar chemistry are being conducted. 
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THE LABORATORY OF THE ANALYTICAL DEPARTMENT 


This Department performs chemical analyses for the incumbents of the Institute’s 
Industrial Fellowships. ‘This service has been found to be economical with respect 
to both time and expense. 
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Codperation with the University of Pittsburgh 


There have been positive indications recently of a tendency to found 
independent agencies for research, and thus to separate research from 
teaching and to remove it from the university purlieus. There is every 
good reason for believing that such a tendency, if carried far, would be a 
serious error. ‘The university is end always will be the natural breeding- 
ground for scientific interests. Our teachers must be relied upon to furnish 
the scholars, both in their own persons and in the pupils to whom they 
impart their spirit and methods. ‘To train a new personnel for research 
would leave the teaching profession as overburdened as ever, and would 
take away one of the main hopes of relief. Encouragement of further 
division bétween teaching and research would be equally bad for the mere 
teacher and for the mere man of research. The teacher would lose in 
freedom and incentive and in the power to impart the spirit of creative 
inquiry. ‘The researcher would lose his contacts with the great intellectual 
tradition, with his colleagues in allied branches of knowledge, and with 
students who furnish both criticism and discipleship. It cannot be gain- 
said that the university is the proper center of scholarly endeavor: in it 
are focused the influences of history and culture; and therein the achieve- 
ments of maturity are constantly being renewed by the enthusiasm and 
forward look of youth. 

Although Mellon Institute is a separate corporation, it has close codpera- 
tion with all the departments of the University of Pittsburgh. The younger 
men on the research staff of the Institute are encouraged to take post- 
graduate work in the University, while the older Fellows serve in the 
capacity of special lecturers for some of the courses in the scientific and 
engineering faculties. The series of technochemical lectures given annually 
by specialists of the Institute as a required course for student chemical 
engineers in the University deserves particular mention; these lectures 
are also open to the general public. The codperation between the two 
institutions extends also to the use of laboratory and library facilities, and 
to mutually helpful consultations among the specialists of each institution. 

As an illustration of the broad scope of the series of technochemical 
lectures mentioned above, the list of discourses scheduled for the uni- 
versity year 1929-30 is given below. 


INTRODUCTORY LECTURE 


“Chemical Engineering, the Directional Force of Chemical Industry.” 


First SERIES 


Lectures on Some Important Chemical Engineering Materials, Their Manu- 
facture, Properties, Uses, and Evaluation. 
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The Manufacture of Refractories Asbestos and Magnesia Products 
The Properties of Refractories Heat Insulation Materials 
The Uses of Refractories Vitreous Enamels 
The Manufacture of Lime Iron 
The Properties and Uses of Lime Steel 
The Manufacture of Portland Cement Special Corrosion-Resistant Alloys 
The Properties and Uses of Portland 
Cement 
SECOND SERIES 

Lectures on Professional Opportunities in Various Industries (inspirational 
talks on what the chemist and chemical engineer have done, are doing, and can 
probably accomplish in these fields). 
Fertilizers Naval Stores Textiles 
Glass Paper Paints 
By-Product Coke Industrial Alcohol Confectionery 
Olefin Products Fatty Oils and Soaps Fine Chemicals 

Dyes 


Codperation with Other Institutions 


The relationships which exist between the Institute and various uni- 
versities, research institutions, and learned societies all over the country 
are similar to those with the University of Pittsburgh. Prompt attention 


is given all requests for help; and the reciprocation of other institutions 
is gratifying. ‘The points which should be stressed in this advantageous 
codéperation dre as follows: the placing of suitably qualified men, either 
in the Institute or in industry;? the exchange of ideas on procedures in 
training men for technical careers; the exchange of ideas on and supplies 
for researches; and the location of needed contacts in industry and in 
other institutions. 


It is very difficult for the chemical educator to find out what types of 
men are most needed in industry and what kinds of training are likely 
to produce the right types. As many authorities have pointed out, it is 
of course almost impossible to obtain a sufficient number of the chemists 
the industrialist most desires: able, trustworthy, sensible, and energetic 
men; men who know enough of their work to avoid making serious mis- 
takes, who can get along well with their associates, and with those in more 
responsible positions and in less responsible posts, who can do what is 
required of them with but little supervision, and can write short and simple 
reports on matters referred to them, which shall be intelligible to the ordi- 
nary business man. ‘To these qualifications must be added, of course, 
a good knowledge of the fundamental principles of chemistry and of how 
‘o use its literature. 


2? On institutional sources of industrial research men, see Hamor, Science, 51, 
625-7 (1920); 64, 8380-1 (1926). 
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More active efforts should be made to aid students, not only in the 
choice of a profession, but in professional, social, technical, moral, and re- 
gional orientation. ‘The selection of a specialty is particularly important, 
and the teacher may detect aptitudes or the reverse which the student 
himself may not suspect. 


Education of the General Public 


In order that scientific development in this country may continue, it 
is necessary that new advances in science and technology be kept before 
the public attention. One of the best means of attaining this end is through 
the radio. ‘The Institute sponsors each year a series of talks that is broad- 
cast from the University of Pittsburgh Studio of the Westinghouse Electric 
& Manufacturing Company’s Station KDKA. Each series is afterward 
published in booklet form. ‘These talks have received very favorable 
mention, as an instance of which a recent editorial review in Nature may 
be cited. The following comments regarding education by radio are 
quoted from this editorial: 


Informal instruction, which need be neither illogical nor discrete, nor even so 
completely popularized in its presentation as to lack essential accuracy of fact and deduc- 
tion, is perhaps as vital a force in the cultural development of a nation as its formal edu- 
cational system. ‘The new power of the broadcast message gives to the world a new 
university without matriculation and, what is perhaps more attractive, without examina- 
tions; a university the teaching of which is not only extramural but is also offered as a 
free gift to any one who cares to go to the trifling expense and trouble of accepting it. As 
such it is in no sense a competitor with schools and colleges, nor ever can be; indeed, 
its success in Great Britain has been largely due to the codperation which has been forth- 
coming from professional educators and their institutions. 

In the United States of America the evolution of radio broadcasting has permitted 
a regular collaboration between the University of Pittsburgh and the radio station 
KDKA of the Westinghouse Electric and Manufacturing Company, a collaboration 
which has now completed four years of public service. Education by radio has its 
limitations and its pitfalls, as well as its attractions, and those responsible for these 
series of lectures have done well to emphasize that armchair listening forms no short 
cut to knowledge and culture, although it may add in no small measure to the sum of 
human happiness by providing mental stimulus, and widening vision of some of the less 
tangible matters of moment. Nothing can adequately function as a substitute for the 
influence of mind upon mind that comes of personal contact, but broadcasting at least 
provides a kind of one-way traffic which may well awaken response in many hundreds 
of thousands of minds which would otherwise be denied the opportunity of guidance 
toward thought extending beyond their immediate affairs. 

The possibilities of this social service are, in fact, so vast that it would be as profit- 
able at this stage to attempt to lay down rules for its development, or even to comment 
in detail on what has already been accomplished, as it would have been in Caxton’s 
day to specify the contents and format, or to review the influence, of printed books. 


3 Nature, 122, 157 (1928). 
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A VIEW IN A TypICAL INDUSTRIAL FELLOWSHIP RESEARCH LABORATORY 


In the paragraphs that follow are given brief summaries of the five radio 
booklets thus far published, in order that a better idea may be gained of 
their interest to the general public. 

“SCIENCE IN INDuUSTRY’’! contains a series of seven talks dealing with the 
general importance of industrial research and with its applications to iron 
and steel, natural gas, petroleum, coal and coke, glass, and clay products. 
To quote from the introduction: 

The object in planning the following radio talks by specialists was to make available 
concise information respecting the origin and evolution of six outstanding industries, 
thereby contributing a section to the history of American technology. In each discourse 
special attention is given to the opportunities for more extensive application of scientific 
methods in several American ‘‘key”’ industries. These talks are therefore of suggestive 
utility to students who have their professional careers before them. The hope is ex- 
pressed that the talks will stimulate interest in industrial history, research and service, 
and accordingly each discourse is followed by a select bibliography, or list of treatises, 
for the guidance of persons who desire to pursue reading courses. 


“SCIENCE IN THE Home’’® consists of eleven talks on food values, cereal 
foods, sea foods, beds and bedding, fuel economy, textiles, renovation of 
wearing apparel, disinfectants and insecticides, table ware and kitchen 
itensils, flooring materials, and roofing materials. 


4 Radio Publication No. 9, University of Pittsburgh, 1925. 
5 Tbid., No. 23, University of Pittsburgh, 1926. 


92 JOURNAL OF CHEMICAL EDUCATION January, 1930 


“AUTOMOBILE ENGINES, THEIR OPERATION AND CARE’”’® contains the 
following six talks: How the Motor Works; Chemistry of Engine Opera- 
tion; Engine Fuels; Cooling Systems and Dilutions; Lubrication of the 
Automotive Engine; and Carbon Deposits in the Engine. 

‘WEARING APPAREL: ITS MANUFACTURE, UTILITY, SELECTION, AND 
CarE’”’ includes seven talks on cotton fabrics, undergarments, wool cloth- 
ing, silk garments, rayon goods, furs, and hats. The principal aim was 
to give technically sound advice that would be of value to all buyers of 
clothing. 

“SCIENCE FOR THE HOME MANAGER’’ is a continuation and extension 
of ‘‘SCIENCE IN THE HomE.” It consists of fourteen talks on soaps, ex- 
termination of pests, bedding equipment, care of the bedroom, foods, 
carpets, and draperies, kitchen equipment, ornamental plants, heating, 
ventilation, painting, fire prevention, and roofing. 

Radio Publications Nos. 23, 37, and 48 are really textbooks of home 
economics and in fact have been widely used in domestic science courses. 

This intelligence service is carried on in a similar manner through the 
media of public addresses (before societies, associations, clubs, etc.), 
newspapers, magazines, and scientific journals, both technical and semi- 
popular. Notable examples are found in the Institute’s releases on its 
smoke and dust abatement, heat insulation, wood chemical, carbon dioxide, 
textile, laundering, sleep, and various food researches. In several instances 
popular books have been written and published. ‘The Institute, on re- 
quest, distributes without charge available reprints of articles to all inter- 
ested persons. Many letters are received asking for information on vari- 
ous scientific subjects. If adequate response cannot be made from the 
Institute, the inquirers are referred to competent authorities elsewhere. 


Codperation with Manufacturers 


Since the establishment of industrial research on a large scale basis is 

a very recent development in this country, every one interested in the 
further advancement of the field of science should have a keen apprecia- 
tion of the importance of research-mindedness in industry. The Institute 
naturally has taken part in this activity, which is a special form of the 
education of the general public. ‘The means which are employed are simi- 
lar, but in the cases of manufacturers and industrial associations it is pos- 
sible to make more definite contacts and to interest them more vitally 
in the importance of research. In such educational work the basic value 
of investigations in pure science is stressed because of the benefit whicli 
industry derives from this source material. 

6 Radio Publication No. 28, University of Pittsburgh, 1927. 

7 Ibid., No. 37, University of Pittsburgh, 1928. 

8 Jbid., No. 48, University of Pittsburgh, 1929. 
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FURNACES IN THE TESTING LABORATORY OF THE MULTIPLE FELLOWSHIP ON 
REFRACTORIES 


Thus far Mellon Institute has had for its main purpose the promotion 
of industrial success through scientific research. Purely scientific inves- 
tigation has not occupied a prominent position, although this phase of 
the activities of the Institute has lately become more and more important. 

There is a mutual interdependency between industrial research and 
purely scientific research: notwithstanding the difficulty in distinguish- 
ing one from the other, it is clear that one gives directly what comes in- 
directly from the other, and that there are constantly mutual benefits 
in which both types of research are in simultaneous operation. 

The Institute’s self-supporting Industrial Fellowship System is a demon- 
strated success, and it is planned that, when adequate facilities are avail- 
able, the number of these fellowships (sixty-three at present) will be in- 
creased to one hundred, or even more. Among these Industrial Fellow- 
ships will doubtless be a large number of “‘long-time’’ purely scientific 
investigations. ‘The latter type of industrial fellowship will conduct re- 
search mainly on the underlying scientific foundations of manufacturing 
practice, in codperation with other fellowships and with the departments 
of research in pure science, and will serve usefully in training specialists 
in industrial research methods. ‘The basic industrial research completed 
will become available at once to the public, and in this way the Institute 
will be rendering much greater service to science as well as to industry. 

The School of Specific Industries, for the training of specialists 
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in branches of manufacture represented by the Industrial Fellowships 
in operation, may become a reality with such enlarged facilities and or- 
ganization. Being based upon and operated in conjunction with the In- 
dustrial Fellowships, the school may be made practically self-supporting. 
It exists at the present time, though in inchoate form, and, with expanded 
organization, it may become an active factor in stimulating the healthy 
growth of American industry. 


Education for the Betterment of the Chemical Profession 


A most vital phase of all this educational work is the effort that is being 
made to raise the professional status of the research worker. ‘This ac- 
tivity is not limited to developing a code of professional ethics, but is con- 
cerned also with the encouragement of the proper type of man to choose 
science as a life work and with the improvement in the economic position 
of the scientific investigator. 

Still another field of great importance lies in the development of tech- 
nically trained executives. As science comes to occupy an increasingly 
dominant position in the economic life of the country, it is to be expected 
that such men will be in much demand. Mellon Institute’s system of 
fellowships has as an inherent result the development of carefully chosen 
men of scientifically, industrially, and ethically correct attitude, trained 
in the technic of research management. 

A compliment, highly appreciated, that has frequently come to the 
Institute is that the greatest benefit that the institution has accomplished 
has been in educating manufacturers, and also the general public, through 
lectures and articles, in the realizable tunctions of industrial research, 
thereby promoting the welfare of all industrial research agencies as well as 
aiding to raise the status of research workers. Every now and then the 
Institute has opportunities to instruct manufacturers on proper ways of 
carrying on research, on regarding research laboratories as investments, on 
selecting and managing research workers, and on proper stipends for these 
scientists. Such opportunities, of which there have been very many 
since 1911, have enabled the Institute to work beneficially for the ad 
vancement of the entire chemical profession. 


Motion Picture Showing Manufacture of Alloy Steels. ‘Making It Tough” i 
the title of an educational motion picture film just released by the U. S. Bureau o 
Mines, Pittsburgh, Pa., which visualizes the manufacture and uses of alloy steels 
The film comprises three reels and was prepared in coéperation with a large alloy steel 
manufacturing concern. Copies are distributed free of charge to schools, etc., th 
exhibitor paying transportation charges.—Analyt. Ed., Ind. Eng. Chem., 1, 135 (Jul; 
15, 1929). 





CHEMICAL WARFARE. II. CLASSIFICATION, PREPARATION, 
AND PROPERTIES OF AGENTS 


H. E. SHIVER, CONVERSE COLLEGE, SPARTANBURG, SOUTH CAROLINA 


The mere fact that a substance possesses toxic properties is no indication 
in itself that it may be utilized as a chemical warfare agent. ‘This is indeed 
a very desirable property, but its importance is hardly of such character 
as to make it the controlling factor in the selection of agents. Asa matter 
of fact, the successful employment of chemical agents in warfare depends 
upon several other equally influential factors. ‘Thus it must possess field 
effectiveness, that is to say, it must be capable of projection upon the 
enemy, not too easily protected against, persistent enough to produce the 
maximum effect and preferably capable of lowering the enemy morale. 
Furthermore, it must be comparatively easy of manufacture on a large 
scale, easy to handle and transport, and there must be available large 
supplies of the requisite raw materials, and a trained personnel in its han- 
dling. Naturally, there are not a great number of substances which answer 
these requirements, the actual number however, being surprisingly small. 

From the standpoint of their tactical use, agents are characterized 
as persistent or non-persistent, and as quick- or slow-action agents. An 
agent maintaining its effectiveness over a period of time greater than ten 
minutes is termed a persistent agent. One which becomes effective 
immediately upon release is termed a quick-action agent. ‘he rigid 
classification of chemical warfare agents is made on the basis of (1) the 
purpose for which they are to be used, and (2) the physiological effects 
they produce. In the former classification they are known as casualty, 
harassing, screening, or incendiary agents; in the latter classification 
as lung irritants, vesicants, lachrymators, or sternutators. Many of the 
standard agents belong in more than one class when divided as indicated, 
but they are universally classified on the basis of their primary effects 
and thereby assigned to a definite grouping. 

Casualty agents are those used against enemy personnel for the pro- 
duction of casualties and fatalities. Harassing agents are those useful 
in small concentrations for interfering with enemy activity by forcing 
the use of the mask over rather long periods of time. Screening agents 
are those employed in minimizing the enemy effectiveness by protecting 
prominent positions, or by the production of a screen behind which friendly 
troops may advance. Incendiary or destructive agents are those primarily 
used for the destruction of enemy material by fire or by corrosion. 

The lung irritants are those which cause irritation and damage of the 
respiratory passages, and especially of the pulmonary alveoli with the 
production of acute pulmonary edema and resulting anoxemia and death 
by asphyxia. ‘This type of agent is, in general, also lachrymatory, al- 

95 
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though this latter property is secondary. ‘The vesicants are those which 
cause inflammation and blistering of the skin. ‘They also produce con- 
junctivitis and intense inflammation of the respiratory system, without 


causing pulmonary edema, however. ‘The lachrymators, even in very low 


concentrations, cause an intense irritant action on the eyes, producing 
such a copious flow of tears and so much pain that vision becomes im- 


possible. The sternutators, or irritant gases, cause sneezing and irritation 
of the eyes, nose, and throat even in low concentrations, nausea, vomiting, 
and certain nervous phenomona. ‘These last two classes are never pro- 


ductive of results other than temporary. 
The following table lists those substances generally considered as the 
standard chemical warfare agents, and shows the classification of each. 


TABLE I 
CLASSIFICATION OF CHEMICAL WARFARE AGENTS 


Casualty Agents 


vesicant 

lung irritant 
lung irritant 
skin irritant 


Mustard 

Phosgene 
Chloropicrin 
White phosphorus 


persistent 

non-persistent 
non-persistent 
non-persistent 


delayed action 
quick action 
quick action 
quick action 


Lewisite vesicant persistent delayed action 


Harassing Agents 

quick action 
quick action 
quick action 
quick action 


persistent 

non-persistent 
non-persistent 
non-persistent 


lachrymator 
lachrymator 
sternutator 
sternutator 


Bromobenzylcyanide 
Chloroacetophenone 
Diphenylchloroarsine 
Diphenylaminechloroarsine 
Screening Agents 
White phosphorus ) 
Hexachloroethane 
Titanium tetrachloride | 
Oleum } 


Effective during time of release 


Incendiary Agents 
White phosphorus Destructive-incendiary 
Mustard 


Phosgene 


Destructive-corrosive 


The selection of an agent for a particular purpose involves more factors 
than a similar selection of any other weapon utilized in modern warfare. 
The effectiveness of chemical agents depends entirely upon the concen- 
tration obtained on the target. The higher the concentration the greater 
the results and the more quickly such results are obtained. In order 
to estimate the situation consideration must be given to the factors which 
influence the effectiveness of such agents. ‘These factors are the weather 
and the specific properties of the agent it is desired to use. ‘The maximum 
concentration of any agent it is possible to obtain in air is a function of 
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the vapor density and vapor pressure of the particular agent, and of the 
wind velocity and direction and of the relative humidity of the atmosphere. 
Each of these will be discussed in relation to the agents described in the 
following pages. 

Among the pulmonary irritants, phosgene and chloropicrin are most 
widely used. Phosgene was first prepared by John Davy in 1811 by 
exposing equal quantities of CO and Cl, to sunlight. In 1878 Paterno 
found that animal charcoal could be used instead of light as a catalyzer. 
Phosgene was first used as a chemical warfare agent by the Germans in a 
cloud attack on the British in December, 1915. It was first found in shell 
nearly a year later, and its use in artillery shell constantly increased from 
that time to the end of the war. 

For military purposes phosgene is manufactured by the direct union of 
pure CO and pure Cl, in equimolar proportions, thus: 


CO + Cl, = COCk 
The Cl, is obtained in a pure state by the electrolysis of NaCl solution. 
The CO is obtained by burning coke in an excess of air, 
C + O, = CO; 
The impure CO, is washed in scrubbing towers to remove dust and SOs, 
and then reacts with K,COs; thus: 
This bicarbonate solution is heated by steam, reversing the above reaction 
and producing pure CO:. ‘This latter is freed of water by cooling and then 
passing through drying towers of H,SO4. ‘Then it is reduced to the mon- 
oxide by means of incandescent coke. 
CO, + C = 2CO 
Excess CO, is removed by absorption in NaOH solution. 
Chemically, phosgene is carbonylchloride or carbon oxychloride. Its 
structural formula is written 


= Cl 


O 


It is a non-persistent pulmonary irritant, very much more toxic than Cle. 
Its physiological effect differs from that of Cl, in that it attacks the lower 
part of the lungs rather than the upper respiratory tract. ‘The effect is 
cumulative and exposure to even low concentrations over an extended 
period of time causes acute pulmonary edema due to the hydrolysis of 
phosgene in the lungs with release of HCl. 

At low temperatures phosgene is a clear, colorless, and mobile liquid, 
the boiling point of which is 8.2°C. It freezes at —75°C. and is therefore 
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a gas at ordinary temperatures unless compressed. It has the odor of 
musty hay, green corn, or green apples. It also has a rather distinct odor 
of HCl, as well as a sour taste, due to hydrolysis. The molecular weight 
of phosgene is 99 while that of air is 28.95. The vapor density of phos- 
gene referred to air is, therefore, 99/28.95 = 3.420. ‘Thus, owing to this 
high vapor density phosgene will hug the ground, flowing into ravines, 
trenches, and dugouts unless carried upward by wind currents. Since 
it is a gas under ordinary atmospheric conditions it is practically non- 
persistent, and will disappear from any locality as fast as the wind moves 
over that place. 

Phosgene has a high vapor pressure, ranging from 335 mm. at —13.7°C 
to 760 mm. at 8.2°C. The higher the vapor pressure of a gas, the higher 
is the concentration of that gas that may be contained in a given amount 
of air. ‘This theoretical maximum concentration may be calculated thus: 
At —13.7°C. the vapor pressure is 335 mm., hence at 0°C. and 760 mm. 
pressure 99 grams of phosgene would occupy 22.4 liters if it could be com- 
pressed to 760 mm. without condensing to a liquid. At —13.7°C., or 
259.3°A., it would occupy 259.3/273, X 22.4 = 21.28 liters, and if the 
pressure is 335 mm. instead of 760 mm., then the volume would become 
760/335 X 21.28 = 48.3 liters. Hence 1 liter of air at —13.7°C. would 
contain 99/48.3 = 2.05 grams of phosgene. Naturally, this concentration 
could never be maintained in the field with its changing wind velocity 
and direction. However, when we consider that a concentration of 0.003 
gram of phosgene per liter is a fatal dose for several minutes exposure, 
and that much smaller concentrations produce casualties, it is apparent 
that we may make use of this agent in warfare. 

Since shells are filled with agents in the liquid or solid condition (never 
the gaseous condition), it becomes desirable to know the coefficient of 
expansion of the liquid in order to allow sufficient void in the filled shell 
to take care of the expansion due to changing temperature conditions. 
Thus, at —10°C. the specific gravity of phosgene is 1.4411 and at 60°C. 
(under pressure of course) it is 1.2734. Making use of the reciprocal 
of these values we obtain the specific volume which is 0.6939 and 0.7853, 
respectively. Then filling the shell with liquid phosgene at —10°C. 
and allowing for its use at temperatures up to 60°C., a void of (0.7853 — 
().6939)/0.7853 X 100 = 11.6% would have to be provided in order to 
keep the shell from bursting. 

In cold winter weather phosgene, being then in the liquid condition, 
will have slightly greater persistency than in summer. However, even 
under these conditions the high vapor pressure of phosgene causes it to 
evaporate very rapidly. Moreover, its low specific heat and low heat of 
vaporization will also greatly favor evaporation. Its specific heat is 
().243 calorie per gram, showing that it requires only about '/, as much 
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heat to raise the temperature of phosgene one degree as to accomplish 
the same result with an equal quantity of water. The heat of vaporiza- 
tion of phosgene is only 60 calories per gram while that of water is 537 
calories. ‘Thus only about !/y) as much heat is required to vaporize a 
given quantity of phosgene as is required to vaporize an equal quantity 
of water. 

Phosgene dissolves readily in benzene CsHe, toluene CsH;.CHs3 and 
various other hydrocarbon oils. In the liquid form it dissolves con- 
siderable quantities of other toxic materials, such as chlorine, mustard, 
chloropicrin, diphenylchloroarsine, etc. 

At ordinary temperatures, and in the absence of moisture, phosgene is 
a fairly stable compound. At 800°C. it is completely dissociated into CO 
and Cle. At 603°C. it is dissociated to the extent of 91%, at 553°C. to 
the extent of SO% and at 503°C. to the extent of 67%. It is not materially 
decomposed by the heat of explosion of an ordinary shell, but even if 
it were, both products formed are highly toxic gases and its use would 
be justified. 

It rapidly hydrolyzes in the presence of moisture, especially at somewhat 
elevated temperatures, thus: 

COC, + H:O = 2HCI + CO, 

Since there is always more or less water vapor in the atmosphere (de- 
pending upon the relative humidity), the extent of this reaction will be 
proportional to the latter value. Neither of the products of hydrolysis 
is toxic under the conditions governing their formation. It is true that 
the production of HCI by this reaction in the lung tissues is the sole lethal 
property of phosgene. But when HCl is formed by hydrolysis in the 
atmosphere it condenses to minute drops of the acid which is then un- 
able to penetrate the lungs to any appreciable extent. Phosgene attacks 
iron and steel objects as the result of this hydrolysis and is therefore 
useful as a destructive agent. It is apparent that phosgene cannot be 
successfully used in misty or rainy weather. 

Phosgene reacts with bases thus: 

COCI, + 4NaOH = 2NaCl + Na,CO; + 2H:0O 

Lime, which is CaO, will react similarly. Accordingly, soda-lime, a mix- 
ture of NaOH and CaO, is used in gas masks for the absorption of phos- 
gene. ‘This substance reacts with ammonia NH3;, wood alcohol, CH;0H 
and carbolic acid CsH;0H. Thus: 

COCl + CsH;OH = CICO-0C;H; + HCI 
and 

COC}, + 2CsH;OH CO:(OC¢Hs): + 2HCl 
Accordingly, sodium phenate, CsH;ONa, was formerly utilized in gas masks 
for the absorption of phosgene. 
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Chloropicrin may be considered as being derived from chloroform by 
replacing one hydrogen by the nitro group, thus CCl;NO:. It is a nitro 
derivative of an aliphatic tri-halogen compound and is known chemically 
as nitrochloroform, or trichloronitromethane. Structurally it is repre- 
sented thus. 

Cl 
bo 
i 
ON 
Oo O 
It gets the name chloropicrin from the fact that it is prepared from chlorine 
and picric acid. 

Chloropicrin is considerably more persistent, but less toxic, than phos- 
gene. Besides being a lung irritant it is also a sternutator, causing nausea 
and vomiting, and for this reason became popularly known among the 
soldiers as ‘‘vomiting gas.’’ It was originally prepared by Stenhouse in 
1848 by the action of bleaching powder upon a solution of picric acid. 
It was first employed as a chemical warfare agent in 1917 against the 
Italians. Its use became quite extensive, particularly mixed with some 
other gas. In 1866 Hoffman worked out the method by which it is even 
now prepared. 

Bleaching powder and calcium picrate are employed as the raw materials 
in this process.” The essential reaction is thus: 


CsH,OH(NOz2)3 + 11Cl, + 5H20 = 3CCl;NO, + 3CO; + 13HCI 


Commercially the reaction takes place in this manner: 
2CcsH,OH(NOz)s + 22CaOClh = 6CCI;NO2 + 6CaCO; + 18CaCh + 3Ca(OH), 


Pure chloropicrin is a colorless liquid with a sweetish odor somewhat 
resembling anise. It boils at 112°C. and freezes at —69.2°C. It is there- 
fore a liquid under practically all conditions of use. Chloropicrin is 
immiscible with water, than which it is approximately 1.6 times heavier. 
The vapor density of chloropicrin is 5.7 referred to air, from which it 
is seen that this substance is heavy enough to displace air in depressions 
in the surface of the terrain. Although chloropicrin has a higher boiling 
point than water, its vapor pressure at ordinary temperatures is higher 
than that of water. From these values it is determined that the maxi- 
mum possible concentration of chloropicrin per liter of air at 20°C. is 
\S4 mg. Exposure to a concentration of 2 mg. per liter of air for 15 min- 
utes or less is a lethal dose, so there is evidently a wide margin of utility 
in chloropicrin. 

This compound is very stable, being unaffected by acids or alkalies. 
\ is not hydrolyzed by water. It reacts with sodium ethylate thus: 
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CClNO, + 4NaOC.Hs = C(OC2Hs)4 + 3NaCl + NaNO, 








The reaction between chloropicrin and sodium sulfite is a very important 
one. It takes place thus: 
CCIlNO, -+- 3Na,SO; + H,O = CHNO,.(SO;Na); + 3NaCl + NaHSO, 







‘This reaction occurs so readily and completely that it is made use of in 
the quantitative estimation of chloropicrin in air mixtures. ‘The sodium 
sulfite solution is also used for destroying any chloropicrin that may 
have been splashed on equipment or in transportation. 

Among the vesicants, those best known are mustard and Lewisite, the 
former having earned for itself the title ‘king of war gases.’’ Mustard 
gas is so-called on account of its odor which is strongly reminiscent of 
oil of mustard. Chemically, it is 88’ dichlorodiethylsulfide, the structural 
formula of which is, 
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The double prefix 88’ indicates that there is one chlorine atom attached 
to each of the two 8-carbon atoms. 

Mustard gas is a powerful vesicant, producing painful, stubborn sores 
upon any part of the anatomy with which it comes in contact. It is also 
a strong lung irritant, attacking the whole respiratory system with the 
ultimate development of broncho-pneumonia. It is one of the most 
persistent of all war gases. It was first described by Victor Meyer in 
1896, and first used in warfare by the Germans against the British at 
Ypres in 1917. It was most effective, and during one ten-day period 
was fired to the extent of one million shells. It was eleven months before 
the Allies retaliated with mustard, but after this its use practically took the 
place of other war gases. 

Mustard gas is most conveniently and practically manufactured by the 
action of ethylene upon sulfur monochloride. Both of these substances 
can be readily prepared with good yield, and both are quite stable. The 
ethylene is prepared trom grain alcohol by eliminating water, thus: 


C,H;OH = CeH, + H,0 
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The sulfur monochloride is obtained by direct union of the elements. 


Se + Cl, = S.Cl. 





The final reaction for the preparation of mustard is, 
$.Cl. + 2C.H, = S(C2H,Cl)2 + Ss 






Mustard is a heavy, oily liquid, colorless, and nearly odorless. In the 
impure state it has a dark color and an odor resembling mustard or garlic 
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in higher concentration it is decidedly pungent and irritating. It boils 
it 219.5°C. and crystallizes at 13.9°C. Its specific gravity at O°C. is 
|.362. The use of a material like mustard where the vapor phase of the 
liquid is relied upon for securing results, depends upon the vapor pressure 
since this governs the maximum concentration that may be obtained 
u this phase. This varies with the temperature, of course. ‘Thus at 
10°C. (the temperature on a hot summer day), the vapor pressure of 
mustard is only 0.45 mm. Hence, one gram molecular weight of mustard, 
159 grams, would occupy at 0°C. and 760 mm. pressure, 313/273 X 22.4 = 
25.68 liters X 760/0.45 = 43,370 liters. ‘That is to say, 1 liter of air at 
40°C. and 760 mm. pressure would contain 159/43,370 = 0.00366 gram of 
mustard gas. ‘This is an extremely low maximum concentration, a value, 
however, impossible of realization in the field, but it is 60 times as high as 
the lethal dose for a 30-minute exposure. 

At 13.9°C., the melting point of pure mustard, the maximum concen- 
tration is 0.62 mg. of vapor per liter. If we assume that the vapor pressure 
of a solid will change in the same ratio with temperature as it does in the 
liquid state, we may obtain figures for winter conditions. ‘Thus at 0°C., 
the vapor pressure of mustard would approximate 0.022 mm., and at 

17.8°C. (which is 0°F.), it is not over 0.0045 mm. The maxinfum 
concentrations of the vapor then becomes 0.2 mg. and 0.045 mg., re- 
spectively, per liter of air. ‘These values show the very great influence of 
weather conditions upon the effectiveness of chemical warfare agents. 
Specifically, they show why it is possible to go through an area in winter 
drenched with mustard, particularly in a high wind, without injury, 
while to do so in summer would be suicide. 

On account of the low vapor pressure of mustard, it vaporizes very 
slowly, in spite of the fact that its specific heat is only 0.33 calorie per 
gram (about !/; that of water), and has a very low heat of vaporization 
(about 80 calories per gram, approximately '/; that of water). These 
properties make mustard a very persistent agent. It is toxic in such 
small concentrations that its presence cannot be detected by odor alone, 
and its effect is delayed, thereby failing to put the victim on guard until 
too late. Furthermore, it penetrates clothing and affects all parts of 
the body. Accordingly, it not only produces casualties but also breaks 
down morale. No wonder it is the king of war gases. 

At ordinary temperatures mustard is a stable compound. In the pres- 
ence of water it hydrolyzes slowly at low temperatures and more rapidly 
at elevated temperatures. ‘Thus, 

(CIC2H4)2S + 2H2O = (HOC2H,)2 + 2HC1 +S 
These products are harmless, consequently mustard is eventually de- 
stroyed by the weather. This takes from two days to two weeks, or longer, 
depending upon weather conditions. 
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Hypochlorites react violently with mustard, oxidizing it to harmless 
products, thus: 


CaOCl, + (CIC2H4)2S = (CIC2H4)2SO + CaCh 


Accordingly, calcium hypochlorite solution is used to destroy mustard. 
Curiously enough, when stronger oxidizing agents are employed, the 
mustard is converted into another very toxic substance; (CIlC2H4)2SO» 
Chlorine likewise attacks mustard vigorously, yielding compounds which 


are non-toxic: 
Cl + (CIC2H4)2S = (Cl,C2H4)2S 


Hence chlorine, or chlorinated compounds, may be utilized to destroy 
mustard. 

Lewisite, a comparatively new vesicant developed after the war, is 
8-chlorovinyldichloroarsine. Its structural formula is, 


ee ie 
| 


ClI—C=C—As—Cl 

It is prepared by passing acetylene C.H2, through arsenic trichloride 
AsCl, in the presence of aluminum chloride, AlCl;, as catalyst. When 
the resultant oily liquid is distilled, three related compounds are obtained, 
of which the first (Lewisite) is most active. This distillation cannot be 
conducted directly since the original reaction takes place with the evolution 
of considerable heat, and continued heating would result in a violent 
explosion. Accordingly, the aluminum chloride is washed out with 
hydrochloric acid and the liquid mixture is fractionally distilled under 
reduced pressure. It freezes at —13°C. and boils at 190°C. At 40°C. 
one liter of air saturated with Lewisite would contain 0.0156 gram, and at 
0°C. it would contain 0.001 gram. As the lethal dose of Lewisite is 0.00045 
_ gram per liter, it should bea very effective war gas. However, it hydrolyzes 
with great rapidity and it is doubtful if a value approximating these figures 
could be obtained in the field. In its vesicant action Lewisite resembles 
mustard very closely. 

Among the lachrymators we have bromobenzyl cyanide and chloro- 
acetophenone. This type of agent was introduced by the Germans 
early in 1915. ‘They are uniformly efficient as harassing agents, but co 
not produce casualties. Space shall be taken for the description of only 
one of these substances. It is to be borne in mind, of course, that a number 
of the more toxic agents possess the property of causing lachrymation, 
but in the compounds named above this property is the primary prop- 
erty. 

‘Bromobenzyl cyanide was discovered in 1881 and first prepared in the 
pure state in 1914. It is one of the aromatic side chain halogens with thie 
following structural formula: 
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In the pure state it is a yellowish white, crystalline solid, melting at 29°C. 
[t is very stable, being but slightly attacked by water. It is destroyed 

by long continued action of the stronger oxidizing agents. It is soluble ; 
in carbon tetrachloride and reacts with an alcoholic solution of sodium uf 
hydroxide. It attacks the common metals vigorously, in the process 
losing its lachrymatory properties. Its handling is therefore rather 
difficult. Owing to its stability it is a very persistent agent, actually . 
maintaining its effectiveness over periods of time as great as thirty days, 












and under the most favorable conditions it persists almost indefinitely. ul 
Bromobenzyl cyanide boils at 242°C. Its specific gravity is higher cil 
than that of water and its vapor pressure is very low, being considerably ee 






less than even that of mustard. However, a very minute concentration ie 
sets up an intolerable atmosphere. Lachrymation is produced by only Va 
0.00003 gram per liter of air. 

Among the sternutators, which have been variously termed toxic 
smokes, irritant smokes, or penetrants, we have diphenylchloroarsine and 4 
diphenylaminechloroarsine, both of which possess very similar properties. a 
We shall give attention only to the latter. Diphenylaminechloroarsine 

was discovered in 1918 simultaneously in America and England. It has vd 
4 been popularly termed ‘‘Adamsite’” after its American discoverer. Its i, 
structural formula is, a 
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It is prepared by the action of diphenylamine upon arsenic trichloride, 


(CcHs)2NH + AsCl; = NH(C¢H;)2AsCl + 2HCI 
















Pure diphenylaminechloroarsine is a crystalline solid which melts at 
193-194°C. It is a bright yellow compound, practically odorless, but 
when dispersed as a smoke it forms a bright yellow cloud with a character- 

istic smoky odor. ‘The odor, however, is not so pronounced as the burning 
sensation in the nose and throat which is usually the first symptom pro- 
duced. The immediate effect is never adequate warning of the more 
severe after-effects. However, men are never incapacitated for periods of 
time greater than two to three hours. ‘This substance will not boil under 
atmospheric pressure without decomposition. ‘The boiling point has been 
calculated from the slope of the vapor-pressure curve and is approxi- 
mately 410°C. The specific heat of diphenylaminechloroarsine is 0.268, 
and its heat of vaporization has been calculated to be 54.8 calories per gram. 
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Its vapor pressure is practically negligible at all ordinary temperatures, 
being only 5 X 107 mm. at O°C. and 2 X 10-§ mm. at 100°C. Ac- 
cordingly the vapor pressures of such substances cannot be depended 
upon to disseminate them in the air. Its specific gravity is approximately 
1.6 at ordinary temperatures. Diphenylaminechloroarsine is insoluble 
in water, and only moderately soluble in the common organic solvents 
such as benzol, xylol, alcohol, acetone, etc. It is soluble in hot glacial 
acetic acid, chloroform and hot mustard gas. 

Diphenylaminechloroarsine is fairly stable and is not appreciably af 
fected by shell explosion. ‘The fumes of this substance are inflammable, 
although less so than diphenylchloroarsine. Water hydrolyzes diphenyl 
aminechloroarsine to a slight extent, but such hydrolysis is not produced 
by water vapor at all. This substance is rendered less toxic by reaction 
with chlorine, stannic chloride, and zine chloride. It attacks metals, 
but such reaction is limited to points of contact between the metal and 


the solid compound. 

Substances of this type are of more than passing interest since we 
have found that they must produce their effects in the solid phase, and 
not in the liquid or gaseous phase, as has been the case with our other 
agents. Sternutators were employed by the Germans to penetrate the 


masks which had been developed to give protection against the normal 
“gas type’ agent then in use. It was supposed that their use would force 
unmasking, thereby allowing the more toxic gases to produce casualties. 
‘The Germans relied upon the force of shell explosion to disperse the ster- 
nutator, and the fact that this method does not disperse the particles 
finely enough is all that kept them from being a decisive factor in the 
outcome of the war. With efficient dispersion these substances would 
penetrate the mask, causing sneezing, nausea, and vomiting. It has since 
been found that substances of this type may be more finely dispersed by 
heat as smokes. ‘The compound is liberated from the container as a 
vapor which condenses in the air, forming very minute particles which are 
extremely difficult to filter out in the mask. A much higher concentration 
‘an be maintained by finer particles and a more lasting smoke is produced 
The finer the particles are dispersed, the more quickly are they absorbe:! 
from the lungs. 

‘There are no figures available to show the lethal concentration of the 
various sternutators for man, but it is highly improbable that death wil 
be caused by the use of these materials in the field. However, the irri 
tating properties of these substances is so great that should the mas! 
not provide complete protection, the soldier will be required to brea! 
and run long before lethal concentrations could be attained. For di 
phenylchloroarsine a concentration of 0.000015 gram to 0.000025 gram pe: 
liter of air produces irritation of the nose and throat, while a concentration 
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{ 0.0005 gram per liter produces an intolerable atmosphere in half a 
ininute. 

Among the incendiary and screening agents, white phosphorus stands 
alone. Besides its ideal properties in this respect, it also produces a 
most excellent harassing and morale-lowering effect. ‘The explosion of a 
phosphorus bomb, scattering lumps of burning phosphorus over a wide 
area has a most terrifying aspect, and may lead to serious burns since it 
continues to burn as long as oxygen is available, even when embedded in 








the flesh. 





Phosphorus is prepared commercially by heating phosphate rock with 





sand and coke in an electric furnace. It exists in two allotropic forms, 





characterized as red and white phosphorus, the latter being the least 





stable. White phosphorus is a pale yellowish, translucent, crystalline 





solid of waxy consistency. It melts at 44.2°C. and has a specific gravity 





of 1.832 as compared with water at O°C. It is extremely active chemically 





and combines with oxygen with very great rapidity. If exposed to the air 





at ordinary temperatures, it immediately begins to oxidize to the pentoxide 
with the generation of a large amount of heat which raises its temperature, 
thus increasing its rate of oxidation, and leading to spontaneous com- 






bustion. In this reaction it evolves 2600 calories per gram of P2O; formed, 





sufficient heat to raise the temperature of 2600 grams of water 1°C. 





On account of the waxy consistency of white phosphorus it is not 
thoroughly atomized, and usually particles of some size are scattered 






about the field. ‘These continue to burn, thus producing an effect for 





comparatively long periods of time. Its greatest use is perhaps in the 





production of screening smokes. ‘There are three ways of dispersing 





smokes: namely, mechanical, thermal, or chemical, or combinations of 





these. Phosphorus is usually scattered into the atmosphere by explosion, 
after which the smoke is produced by the formation of P.O; and its con 
sequent hydrolysis by absorption of water from the air, thus: 









P05 + HO = 2HPO; 















Po Ys = 2H3P¢ dy 





+ 3H,O 






The screening power of a smoke does not depend so much upon the actual 
obstruction of light rays as upon the deflection and scattering of rays 
by the reflection and refraction from the smoke particles. Accordingly, 
it is not the total amount of light passing through a cloud which is im- 
portant, but the percentage of undeviated rays which pass through. 
lor this reason a white smoke is a more effective screening agent than a 
black smoke, which depends for its effect upon absorption and obstruc- 
tion of light rays. ‘The total light coming through the black cloud is 
probably less than that coming through a white cloud, but the percentage 
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of undeviated rays is greater, and the blinding effect produced by direct 
reflection of light from the white cloud is completely lost in the black. 

Screening smokes are more effective in atmospheres of high humidity, 
probably because such substances are usually deliquescent or hygroscopic, 
and therefore absorb moisture. This causes the particles to grow to a 
size which will effectively reflect light rays and hence increase the screening 
power. In the case of phosphorus the humidity is of primary importance 
since it depends for its maximum effect upon the hydrolysis produced 
by water vapor in the air. ‘The screening power of a smoke is usually 
measured in terms of the weight necessary to obscure when distributed 
over an area 100 feet long by 10 feet high, the depth being immaterial 
(within limits). This value for white phosphorus is 0.4 oz. 

Naturally, the most efficient smoke material is that which takes much 
from the air for its formation (from the standpoint of the quantities re- 
quired). Phosphorus is ideal in this respect since it first takes oxygen 
from the air to form particles of P.O; and these particles then grow by 
absorption of water vapor from the air, forming droplets of H3;PO,. One 
pound of phosphorus takes up 1.29 pounds of oxygen and 0.87 pound 
of water to form 3.16 pounds of smoke. ‘The resultant smoke is harmless 
to man and equipment, although it sometimes causes coughing. 
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Production of Nitric Acid in Japan. Japan is able to produce sufficient nitric acid 
to meet all her needs, and has a surplus for export. The ammonia oxidation process 
is the only method used, and the bulk of the present production is from two companies 
The production during recent years was as follows: 1925, 15,929,936 pounds; 1926, 
17,226,370 pounds; 1927, 14,226,606 pounds; 1928, 15,000,000 pounds. Manufac 
turers are not producing to their full capacity and many other factories besides the two 
at present concentrating on this product could manufacture if necessary. Estimates of 
potential production are not obtainable. Exports of nitric acid by Japan for the past 
three years were as follows: 1926, 3,413,500 kin; 1927, 4,310,400 kin; 1928, 4,351,500 
kin (1 kin = 1.32 pounds).—Chem. Age 

Competition for Detection of Mustard Gas. The committee of award for the com 
petition for the production of a reagent for the detection of dichloroethyl sulfide (mus 
tard gas) consists of the following: Professors F. Haber, Berlin; Sir William Pope 
Cambridge; F. Swarts, Ghent; and G. Urbain, Paris. The secretary of the committe: 
is the technical adviser to the International Committee of the Red Cross, Professor L. 
Demolis, Geneva. The committee of award will meet in Paris in April, 1931.—Chem. 
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THE LECTURE-DEMONSTRATION METHOD IN HIGH-SCHOOL 
CHEMISTRY 


Don VAN Horne, Tucson Hicu ScHoot, Tucson, ARIZONA 


A careful search of the literature bearing on the presentation of demon- 
strations in high-school chemistry to serve as the basis of an experimental 
comparison of the demonstration method with individual laboratory work, ! 
has revealed that little has been published on the technic of this very im- 
portant method. Every chemistry instructor must of necessity acquire 
some skill in giving demonstrations and gain a certain knowledge of what 
to do and what not to do. A number of books have been published con- 
' taining collections of experiments for demonstration, but the method as a 
method is not clearly defined. Davison,” in his introduction to a collection 
of experiments for demonstration, gives an excellent discussion which any 
one can read with profit. Nevertheless there appears to be no standard for 
the giving of demonstrations. What material is available has not been put 
in form where the inexperienced teacher can get at it readily, and even 
those of experience do not always know where to get the information. 

The widespread discussion of the rélative merits of the lecture-demon- 
stration and individual methods for laboratory work has led to considerable 
experimental work. The reader will find available the work of Wiley,* 
Carpenter, Nash and Phillips,> Anibel,® and Knox.’ The conduct of indi- 
vidual laboratory work is treated fully in the various textbooks on method, 
vet in spite of the interest in the demonstration method, comparatively 
little has been written about it for those who need the information most. 

Every high-school instructor realizes the importance of a well-planned 
and executed demonstration. There is nothing better for clearing up a 
point under discussion or for teaching a new principle. However, the 
instructor who is just beginning his work has probably had little in his 
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college, university, or normal school training to guide him in performing 
demonstrations. With the idea of aiding the inexperienced teacher and 
perhaps giving suggestions to those of experience, the writer of this paper 
offers the results of his own experience with the lecture-demonstration 
method. 


Experiments for Demonstration 


1. Use Demonstrations at the Beginning of the Course.—In high- 
school science the students are at first very much lacking in the necessary 
skill for individual laboratory work. ‘Therefore the very first experiments 
can advantageously be given as demonstrations, the students repeating 
them afterward if desired. Such exercises include the cutting, bending, 
and fusing of glass tubing. The insertion of glass tubing in stoppers, the 
handling of reagent bottles, the clamping of glassware, the application of 
heat to apparatus—all represent details best taught by demonstration. 
The printed directions in the manual can never be quite so effective as an 
actual view of the procedure. 

2. Use for Dangerous Experiments.—There are a few exercises in 
every high-school laboratory manual which have an element of danger for 
the student. Probably the most conspicuous is the preparation of chlorine. 
The usual laboratory does not have ventilating ducts capable of carrying 
away all fumes and as a rule there are not enough hoods for even groups of 
students to work. Therefore if the instructor demonstrates in such cases 
there will be less danger of injury and no protests from anxious parents. 

3. Use for Difficult Experiments.— All instructors come to know that 
certain experiments are especially difficult for students. For example, the 
preparation of nitrous oxide requires that ammonium nitrate be heated 
with a steady flame at just the right temperature to get a flow of gas and 
yet avoid an explosive decomposition. In this and similar cases, the in 
structor with supposedly superior manipulative skill should demonstrate 
the preparation. 

4. Use for Experiments Too Long for Hour Periods.—In man, 
schools the six-period-a-day schedule allows only one hour for laboratory 
work at any time. Under such conditions, the instructor is faced with th« 
dilemma of hasty work on one hand and of insufficient time for thoroug!: 
work on the other. Many of the longer experiments cannot be completed 
by the average student in an hour, but they can be demonstrated with ease 
Not all high-school students can prepare several bottles of oxygen and 
examine the properties of the gas in one hour. ‘The instructor should bi 
able to do it with proper preparation. 

5. Use to Teach Principles.—It is the writer’s experience that experi 
ments which are intended to teach principles should be demonstrated. 
At least the first of such experiments should be. For example, finding th: 
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equivalent weight of a metal like magnesium by reaction with an acid and 
measurement of the hydrogen evolved, can be demonstrated with due at- 
tention to the procedure and the mathematics involved. After one such 
example, the student is better equipped to do careful weighing and manipu- 
lation, and has gained some appreciation of the mathematical foundation of 
chemistry. 

Class Preparation 


1. Assignment of Work in Advance.—From experience the writer 
has come to believe that the best results are secured from a demonstration 
when textbook material or outside reading is assigned in advance. Some 
educational authorities contend that the student should come with an open 
_ mind and learn by seeing and doing. ‘This may be the best way to learn, 
but the high pressure under which the modern school system works makes 
this plan rather impractical. It may be well to test the students at the 
beginning of the period by a series of oral questions or by some form of 
short answer test, trying to bring out the essential points of the material 
to be covered in the demonstration. 

2. Assignment of Special Tasks to Pupils.—Many times students can 
be trusted to prepare materials and assist in the demonstration. ‘The 
writer has had considerable success with the plan of selecting two of the 


best experimenters in each class and giving them some special training so 
that they can do most of the actual work. Student aid during the conduct 
of the experiment gives the instructor a better chance to conduct the dis- 


cussion and questioning. 


Preparation of Apparatus and Materials 


1. Have All Material Needed.—Nothing is more embarrassing to an 
instructor than to find that just at some critical moment he lacks a neces- 
sary reagent or piece of apparatus. High-school students are very keen to 
sense any lack of organization. ‘To stop proceedings while sending for the 
material may destroy a large part of the effect of the demonstration. Be- 
side loss of attention at the time, there is a lowered respect for the ability 
of the teacher. ‘Therefore, it is desirable to check the list of materials very 
carefully and make sure that everything needed is on hand. 

2. Make Sure That It Will Work.—A teacher of some experience is 
perhaps justified in assuming that he does not need to try the demonstra- 
tion out in advance. ‘The inexperienced instructor, however, needs to go 
through the whole procedure beforehand. ‘That is the only way to make 

ure that everything will go off smoothly and that the desired results will 
be obtained. Even the teacher of experience should not neglect this pre- 
caution. It takes time and energy which the teacher may be reluctant 
\o apply, but there are so many factors involved in even the simplest 
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demonstration that it is somewhat hazardous to attempt it without a pre 
liminary trial. ‘“‘Keeping demonstrations up to the highest standards that 
the school permits, demands heroic effort and often self-sacrifice on the 
part of the busy teacher.’’® 

3. Make It Visible to All.—Do not start the demonstration unless 
every one is able to see clearly. Where the lecture room does not have 
seats raised in tiers, rearrange chairs so that every one has an unobstructed 
view. Lack of attention to this factor leads to disciplinary troubles as 
well as failure to learn. 

4. Have Apparatus Clean and Neat.—In high-school science we 
should teach habits of neatness and precision. ‘The best possible example 
is a neat arrangement of apparatus with an array of shining glassware and 
orderly portions of materials. It seems trite to mention cleanliness, yet 
the writer feels that the lack of it is one of the most annoying features of 
high-school teaching. Set your students an example in this matter. 

5. Make the Demonstration Short.—Do not drag out and prolong 
unnecessarily any procedure. It is difficult to hold the attention of stu- 
dents without interruption for a full period. If necessary, shorten the 
experiment as given. If along pause for heating or the like is encountered, 
have appropriate questions or discussion ready. 


Conducting the Demonstration 


1. Explain Apparatus and Method Used.—If the apparatus is at all 
complicated or unfamiliar, it is well to begin the demonstration with an 
explanation of such points. Encourage questions which are to the point. 
Perhaps the student is puzzled by some detail which is perfectly obvious 
to the instructor. During the course of the experiment name each reagent 
as used. Students are always curious about the chemicals used, and the 
writer has found it a good plan to pass a labeled bottle around the class 


so that all may see. 

2. Call Attention to Important Things.— Many times the production 
of an unusual color or a vigorous chemical action of some kind will obscure 
the important phenomenon for the inexperienced observer. For example, 
if the vigorous action of the zine and sulfuric acid which produces hydroge: 
draws their attention to such an extent that they do not notice the effect 
which the hydrogen is having on copper oxide, then tell them what to see 

By this we do not mean that the thinking should be done for the class 
As far as possible draw out the proper inferences by judicious questioning 

3. Talk and Work at the Same Time.—At times where he does not 
trust the actual work to a student, the instructor will often find it necessary 
to keep up a running fire of comment and explanation while his hands ar 

8 Smith, Alexander, and Hall, E. H., ‘The Teaching of Chemistry and Physic 
in Secondary Schools,” Longmans, Green and Company, 1902, p. 135, 
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busy with the manipulation of apparatus. In fact, he must acquire the 
ability to do two things at once. Here again is an illustration of the neces- 
sity for practice and rehearsal. ‘The demonstration, like a theatrical per- 
formance, requires careful staging and production. ‘Tie instructor must 
needs be something of an actor. 

4. Encourage Logical Discussion.—In case there is a stage wait at 
some point in the proceedings, utilize this time to the best advantage. 
Guide the discussion into the proper field. This may be a practical applica- 
tion of the principles involved or a generalization from the facts revealed. 
The great advantage of the demonstration method lies in the fact that con- 
ditions can be controlled for the class as a whole and thinking can be directed 
along the right path. At the end of the experiment every effort should be 
made to bring out the essential facts. Try to cultivate the ability to 
generalize. If there is any such thing as the scientific method, here is the 
place where it can be taught and learned. But while every effort should 
be made to encourage discussion, care must be taken that some individuals 
do not sidetrack the group. The high-school mind is likely to go off at a 
tangent if not guided aright. In this connection we urge that a written 
record be kept of the demonstration. ‘This record may take any one of 
the several forms in use for laboratory notebooks. Whatever it may be, 
a written record is essential for retention and assimilation of the facts. 
‘The record should grow out of the observation and discussion. 

A Typical Demonstration 

In order to illustrate some of the points mentioned above, the writer 
wishes to present an outline of a demonstration which he has used with 
success. No claim is made for originality, but an attempt is made to indi- 
cate how points which bother the high-school student can be cleared up by 
demonstration and discussion. It would not be worthwhile to give the 
questions and comments in full, for the outline is intended to be suggestive 
only. 

Purpose: To Study Water of Crystallization.—As an introduction, 
mention any instances of crystallization which the class has had a chance to 
observe. ‘The formation of frost crystals and the form of snow flakes will 
usually be familiar even if their previous laboratory experience furnishes 
io example. Mention the fact that water seems to be necessary for the 
lormation of some crystals. 

Apparatus.—Horn pan balance, lead shot, watch glass, ring stand, iron 
ring, mortar and pestle, tongs, test tube holder, Bunsen burner, wire 
sauze, 12 test tubes (preferably large Pyrex tubes, 25 250 mm.), test 
‘ube rack, 10 sheets filter paper, 15 cm. 

Materials.—Anhydrous copper sulfate, crystallized sodium sulfate, 

opper sulfate, sodium chloride, sodium carbonate, potassium chlorate, 
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potassium sulfate, potassium nitrate, potassium aluminum sulfate (alum), 
barium chloride, cobalt chloride; cobalt chloride solution (saturated); 
gypsum crystals. 

Procedure.—After stating the purpose of the experiment, and giving 
any instances of crystallization with which the class may already be fa- 
miliar, exhibit to them the crystallized and anhydrous copper sulfate. 
Original bottles with the labels intact are very convenient to pass around 
the class. See if any one can suggest the reason for the very decided dif- 
ference in physical properties. Crush a small piece of the crystallized 
copper sulfate in the mortar and heat gently in a test tube. By question 
and discussion bring out the fact that “‘anhydrous’”’ means without water 
and that the two materials shown are both copper sulfate and differ from 
each other only in the water content. 

Following this, pour out a sample of sodium sulfate on paper or send a 
bottle around the class for inspection. Counterpoise about 20 grams of 
the same material on a watch glass on one pan of the horn pan balance. 
Leave this whole proceeding with the rest of the experiment. 

Heat a small amount of crystallized sodium sulfate in a test tube. 
Make sure that the students realize that water is driven off. 

Take a small amount of sodium chloride in a test tube and heat. If 
sufficient heat is applied to melt the material, make sure every one under- 
stands that no water is formed. A surprisingly large number of studerits 
will call the liquid water. Let the liquid sodium chloride cool, and see 
if it is not apparent to them that the liquid was not water. 

In succession, heat small amounts of sodium carbonate, potassium chlor- 
ate, potassium sulfate, and potassium nitrate. Call attention to the fact 
that sodium carbonate is commonly known as “‘washing soda’”’ and see if 
any one has ever noticed the behavior of the compound when exposed to 
the air. If any bright student makes the observation that potassium com- 
pounds apparently do not contain water of crystallization, remind the class 
that generalization without considering a sufficient number of cases is a - 
rather dangerous procedure. 

The next substance ‘‘alum’’ when heated will give off large amounts of 
water and show the students that potassium compounds may contain 
water of crystallization. The swelling and bubbling of the material as the 
water passes off will undoubtedly be the subject of considerable comment 
Mention the fact that fused alum is used for medical purposes. 

Follow these examples with the heating of barium chloride and cobalt 
chloride. In the case of cobalt chloride, call attention to any noticéable 
color changes. a 

A very interesting demonstration of color change due to different degree: 
of hydration may be shown by taking several sheets of filter paper anc 
applying tliem to the mouth of a bottle of saturated cobalt chloride solu 
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tion. Manipulate the liquid so as to get a sheet of the paper with a spot 
in the center slightly moistened with the solution. Getting the paper too 
wet simply means a longer time for drying. Dry the paper over a small 
flame of the burner. ‘The color change will catch the attention of all. 
Mention the novel barometers sometimes prepared from this compound 
which show color changes corresponding to humidity changes in the air. A 
demonstration of “‘sympathetic ink’’ can also be worked out and inserted 
here if desired. 

Heat some gypsum crystals in a test tube and note any changes. Ex- 
plain that “‘Plaster of Paris’ is prepared by the partial dehydration of 
gypsum and that the ‘‘setting” of the plaster is due to taking up again of 
water of crystallization. 

In conclusion, call attention to the fact that the side of the horn pan 
balance containing the crystallized sodium sulfate is considerably lighter 
than at the beginning of the period. Connect this fact with the water given 
off by heating this same compound at an early stage of the experiment. 

As a final procedure, try to get the students to summarize the results 
into one statement which shall be precise and yet inclusive of all facts. 


Place of Demonstration Method 


1. Demonstration Cannot Replace Individual Laboratory Work En- 
tirely.—From the above discussion, the inference might be drawn that 
the writer believes that all laboratory work should be given as demonstra- 
tions. The writer is firmly convinced that the demonstration method can- 
not be used in high-school chemistry to the exclusion of individual work. 
There are certain values to be acquired from personal work which cannot 
be secured in any other way. Whatever value the demonstration method 
may have, we would not be justified in presenting all science work by that 
method. 

2. More Demonstration Needed in Average High-School Course.— 
’ Time is a considerable factor in high-school science teaching and by the 
‘rather extensive use of the demonstration method a greater variety of ma- 
terial can be presented than can be done by individual work and more time 
secured for drill and review. Certain experiments can undoudtedly be 
presented better and a saving in cost is possible. 

3. Experimental Work Necessary to Find Proper Balance.— Precise ex- 
periments are necessary to determine just what proportion of demonstration 
and individual work is best to use. The types of experiments best adapted 

to demonstration should be carefully considered. Here is a fruitful field 
. for the experimenters in the field of educational method. 


Summary 


1. The writer discusses the need for an outline of the technic of giving 
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demonstrations in order to aid chemistry instructors, especially those of 
little experience. 

2. The experiments adapted to demonstration, the preparation and con- 
duct of the demonstration are discussed. 

3. By way of illustration, a typical demonstration (water of crystalliza- 
tion) is outlined. 

4. The writer suggests the need of experimental work to determine the 
relative place of the demonstration method in the teaching of high-school 
chemistry. 


Chlorophyll, the Green Color in Plants, Related to Blood. Another step in the 
solution of two fundamental problems of plant and animal life has been taken by Prof. 
Kurt Noack of Bavaria, who has just shown that chlorophyll, the green coloring matter 
of plants, is related to blood and is derived from a substance known to biochemists as 
protochlorophyll. 

Chlorophyll is the most abundantly produced complex organic chemical compound 
on the’earth upon which we live, said Dr. Frank M. Schertz, of the U. S. Bureau of 
Chemistry and Soils, in explaining Prof. Noack’s discoveries. 

The breaking down of the chlorophyll molecule releases energy that may be mani 
fested in many different ways. Chlorophyll, in some way as yet unknown to us, is 
directly related to the dry weight of plants, to the mineral elements found in the soil and 
in tne plants, to the organic compounds found everywhere about us, to the electro 
magnetic waves which come to our planet, and most mysteriously of all to every mani 
festation of life we find here on earth. 

“A complete understanding of chlorophyll in all its relations will aid-us greatly in 
understanding whence we come, and whither we go,’’ he said. ‘‘Chlorophyll is so little 
understood, yet it is the most important compound in all the world. It seems to be 
derived from protochlorophyll, a peculiar red-fluorescing pigment which is produced in 
seedlings grown absolutely in the dark. Protochlorophyll changes photochemically 
into chlorophyll upon exposure to light. Chlorophyll is an oxidation product of proto 
chlorophyll. It is with the origin of this vitally important substance, chlorophyll, that 
Prof. Noack’s experiments are concerned.” 

The work of Prof. Noack has shown very clearly a relation between the green pig 
ment found in leaves and the red pigment of blood, although just how the blood pig 
ment is formed from the chlorophyll has not yet been determined. 

How hemoglobin, the substance which gives the red color to blood, is formed from 
chlorophyll has been a much disputed subject among scientists. Prof. Noack’s experi 
ments lend definite support to this theory. In the galls of animals that have been fed 
on green fodder is found phylloerythrin, a substance basically related to hemoglobin 
On the other hand, this phylloerythrin, which is formed in the animal body from th« 
chlorophyll of the green fodder, is chemically very similar to protophaeophytin in a 
direct derivative of protochlorophyll, the same pigment which constitutes the first ste] 
in the formation of chlorophyll itself. 

The origin of chlorophyll, on which Prof. Noack’s work touches, is the first of tw« 
problems very important in biochemistry, Dr. Schertz commented. When scientist: 
find how protochlorophyll is produced, this first problem will be solved. The second 
problem concerns the way in which blood pigment is produced from chlorophyll. Thes« 
two important problems must sooner or later be solved by biochemists as they are most 
fundamental in all plant and animal life,—Science Service 





FURTHER STUDIES ON SECTIONING IN GENERAL CHEMISTRY* 
MAUuDE B. SCOFIELD, SYRACUSE UNIVERSITY, SYRACUSE, NEW YorRK 


General Chemistry at Syracuse University is divided into two courses: 
one for those who have studied high-school chemistry and one for those 
who have not. For the past several years, an attempt has been made to 
section, upon the basis of ability, those students who had high-school 
chemistry. During 1928-29, for the first time a similar attempt was made 
with the other group. 

A report of the results of sectioning those who had had high-school chemis- 
try for the year 1926-27 at Syracuse appeared in THis JouRNAL.! ‘The 
present paper contains data for both groups and shows the relation be- 
tween individual high-school grades in chemistry, mathematics, physics, 
respectively, and the final grades in general chemistry for both semesters, 
covering a period of four years (1925-29). It also includes data on the re- 
lation between individual placement grades and the final grades in each 
semester, covering a period of three years for those who had had high-school 
chemistry and two years for those who had not. 

As the basis for first-semester sectioning, we have used the high-school 
grades in chemistry, physics, mathematics and the results of a placement 
test given each September. 

The grades in the high-school subjects are considered as “‘high’’ if the 
grade is 80 or higher, and considered as “‘low”’ if below 80. The only ex- 
ception is in the case of elementary algebra, in which case 85 is the dividing 
line. 

This report includes data on the results of both semesters; but the dis- 
cussion has been chiefly confined to the results of the first semester because 
of the obvious importance of this preliminary grouping. Our aim in 
sectioning has been to group the good students together and at the same 
time to sort out the poorer ones whose presence tends to lessen teaching 
efficiency. 

The semester grade distribution of each group usually follows fairly 
closely these percentages: the highest 7%, A; the next 15%, B; the 
middle 50%, C; the next 15%, D; and the lowest 13%, FE and F. 

The efficiency of our grouping has been judged by tabulating for each 
group the percentage of A and B final semester grades, particularly A’s, and 
also the percentage of D’s, E’s, and F’s, especially E’s and F’s. The 
i’s and F’s are mentioned together since our tendency during the last 
(ew years has been to eliminate the E grades in general chemistry. Our 


* Presented before the Division of Chemical Education at the 77th meeting of the 
\merican Chemical Society at Columbus, Ohio, April 30, 1929. 
14, 1168-75 (Sept., 1927). 
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experience has been that a very high percentage of FE grades lapse into 
failures. 

We have found that only the very highest and the very lowest grades are 
of much value in sectioning since the performance of the middle class fol- 
lows fairly closely the normal curve. 

Table I is a comparison of the high-school grades in mathematics and 
the final grades for each semester of general chemistry for the group which 
had had high-school chemistry. The data cover the results of the past 
four years (1925-29) and include nearly 1000 individuals. Considering the 
first semester only, of the group who were “high” in high-school mathemat- 


TABLE I 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 
IN HicH-ScHoo, Mathematics AND THE GRADE IN EACH SEMESTER OF GENERAL 
CHEMISTRY FOR THOSE WHo Have Had H1cH-ScHoo., CHEMISTRY 


Grade in first semester General Chemistry 
B Gc D E F 


H.-S. grades in math. A Drop 
All H.-S. Math. grades 80 orabove 42 46 52 15 0 5 2 162 
Part of H.-S. Math. grades 80 or 
above 32 95 236 107 0 61 17 548 


All H.-S. Math. gradeslessthan 80 3 29 103 87 1 53 9 285 


995 


Grade in second semester General Chemistry —_ 
1¢€ 
not 
Failed Drop register 
Ist Ist 2nd 
H.-S. grades in math. A B C D_ E_ F Drop semester semester semester 
All H.-S. Math. grades 80 or 
above a5 45 3622.0 5 0 5 2 a 162 
Part of H.-S. Math. grades 80 
or above 36 77 177 106 1 48 6 61 ve 24 548 
All H.-S. Math. grades less 
than 80 3 22 79 65 0 38 5 53 9 11 285 
995 


ics: 26% received A in first semester of general chemistry; 54.3% re- 
ceived A or B; 3% received F; 12.3% received D, E, or F. Six per cent 
of this group received F either the first or the second semester. 

Considering the first semester, of the group which was rated as “‘low”’ 
in high-school mathematics: 1% received A; 11.2% received A or B; 
18.5% received F; 49.4% received D, E, or F. Thirty-two per cent of 
this group received F either the first or the second semester. 

Table II shows that of the students rated as “high” in high-school 
chemistry: 15.3% received A in first semester of general chemistry; 
38% received A or B; 7% received F; 22% received D, E, or F. ‘Twelve 
per cent of this group received F either the first or the second semester. 
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TABLE II 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 
IN HicH-Scnoo, Chemistry AND THE GRADE IN EACH SEMESTER OF GENERAL CHEMIS- 
TRY FOR THOSE WHO Have Had H1GH-ScHOOL CHEMISTRY 

Grade in first semester General Chemistry 

H.-S. grades in Chem. é B € D E F rop 

H.-S. Chem. grade 80 or above 67 99 162 65 0 31 13 437 
H.-S. Chem. grade less than 80 8 64 204 121 1 80 18 496 


933 
Grade in second semester General Chemistry 
Did 
not 
Failed Drop register 
1st semes- Ist 2nd 
H.-S. grades in Chem, A B € D E F Drop ter semester semester 
H.-S. Chem. grade 80 or above 62 90 126 72 0 22 1 31 13 20 . 437 


H.-S. Chem. grade lessthan80 9 47 152 104 O 52 10 80 18 24 496 


933 


Of those who were rated as “‘low”’ in high-school chemistry: 1.6% re- 
ceived A in the first semester of general chemistry; 14.5% received A or B; 
16% received F; 40.7% received D,:E, or F. Twenty-six and six-tenths 
per cent of this group received F either the first or the second semester. 

Table III includes those who had had high-school chemistry and shows 
that of those who were rated as “‘high’’ in high-school physics: 17.5% re- 
ceived A in the first semester of general chemistry; 41.4% received A or 
B; 4.8% received F; 21.2% received D, E, or F. ‘Ten and four-tenths 
per cent of this group received F either the first or the second semester. 


TABLE III 
Data COVERING THE RESULTS OF THREE YEARS ON THE RELATION BETWEEN GRADES 
IN HicH-Scuoor Physics AND THE GRADE IN EACH SEMESTER OF GENERAL CHEMISTRY 
FOR THOSE WHo Have Had H1GH-ScHooL CHEMISTRY 


Grade in first semester General Chemistry 
B ; D E F 


H.-S. grades in Physics Drop 
H.-S. Physics grade 80 or above 47 64 92 Ad 0 13 8 268 
H.-S. Physics grade less than 80 8 43 110 75 0 32 8 276 
544 
Grade in second semester General Chemistry 
Did 
Failed not 
1st Drop register 
semes- Ist 2nd 
H.-S. grades in Physics A B ¢ D E F Drop ter semester semester 


H.-S. Physics grade 80 or above 45 47 79 42 1 15 3 13 8 15 268 
H.-S. Physics grade lessthan80 6 388 80 65 0 31 4 32 8 12 276 


544 


Of those who were rated as ‘‘low”’ in high-school physics: 2.9% re- 
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ceived A in the first semester of general chemistry; 18.5% received A or 
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B; 11.5% received F; 38.7% received D, E, or F. ‘Twenty-two and eight- 
tenths per cent received F either the first or the second semester. 

Table IV includes those who had had high-school chemistry and shows 
that of those who were rated as “‘high”’ in high-school chemistry and in high- 
school mathematics courses: 33.6% received A in the first semester of 
general chemistry; 62% received A or B; 1.8% received F; 8.8% received 
D, E, or F. Three and five-tenths per cent of this group received F either 
the first or the second semester. 


TABLE IV 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 
IN HicH-ScHoo, Chemistry anp Mathematics AND THE GRADE IN EACH SEMESTER 
GENERAL CHEMISTRY FOR THOSE WHO Have Had Hicu-ScHoor, CHEMISTRY 


Grade in first semester General Chemistry 

H.-S. grades in Chem. and Math. A Ss Cc DPD €& * Drop 
H.-S. Chem. grade and all of H.-S. Math. grades 80 

or above 38 32 32 8 
H.-S. Chem. grade 80 or above and part of H.-S. 

Math. grades 80 or above 27 57 39 
H.-S. Chem. grade below 80 and part of H.-S. Math. 

grades 80 or above 
H.-S. Chem. grade and all of H.-S. Math. grades less 

than 80 


Grade in second semester General Chemistry 
Did 
Failed not 
Ist Drop _ register 
H.-S. grades in Chem. semes- Ist 2nd 
and Math. / B | D E  F Drop ter semester semester 


H.-S. Chem. grade and all of 
H.-S. Math. grades 80 or 
above 

H.-S. Chem. grade 80 or above 
and part-of H.-S. Math. 
grades 80 or above 

H.-S. Chem. grade below 80 and 
part of H.-S. Math. grades 80 
or above 

H.-S. Chem. grade and all of 
H.-S. Math. grades less than 
80 


Of those who were rated as ‘“‘low”’ in high-school chemistry and in high- 
school mathematics: 1% received A in the first semester of general chemis- 
try; 10% received A or B; 20.9% received F; 52.6% received D, E, or F. 
Thirty-four and three-tenths per cent of this group received F either the 
first or the second semester. 
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Table V includes those who had not had high-school chemistry and shows 
hat of those who were rated as “‘high’’ in high-school mathematics: 16.5% 
received A in the first semester of general chemistry; 41.2% received A or 
3B; 6.6% received E or F; 17% received D, E, or F. Nine and three- 
tenths per cent of this group received F either the first or the second se- 
imester. 
TABLE V 
DATA COVERING THE RESULTS OF FOUR YEARS ON THE RELATION BETWEEN GRADES 
iN HicH-Scnool, Mathematics AND THE GRADE IN EACH SEMESTER GENERAL CHEM- 
ISTRY FOR THOSE WHO Have Not Had CHEMISTRY 
Grade in first semester General Chemistry 
H -S. grades in Math. € D E F Drop 
All H.-S. Math. grades 80orabove 30 45 71 19 5 182 
Part of H.-S. Math. grades 80 or 
above 29 112 270 124 27 632 
All H.-S. Math. grades less than , 
80 8 . 147 65 i é 10 344 


1158 


Grade in second semester General Chemistry 
‘ Did 
Failed not 
Ist Drop register 
semes- Ist 2nd 
H.-S. grades in Math. y B D E F Drop ter semester. semester 
All H.-S. Math. grades 80 or 
above 45 56 23 6 3 Li : 182 
Part of H.-S. Math. grades 
80 or above 35 96 213 125 4 35 12 59 5 632 
All H.-S. Math. grades less 
than 80 9 21 114 68 1 26 5 a 344 


1158 


Of those rated as ‘“‘low’’ in high-school mathematics: 2.3% received A 
in the first semester of general chemistry; 11.3% received A or B; 24.1% 
received E or F; 43% received D, E, or F. Twenty-eight and two-tenths 
per cent of this group received F either the first or the second semester. 

Table VI includes those who had not had high-school chemistry. It 
shows that of those rated as “‘high’”’ in high-school physics: 11.7% re- 
ceived A in the first semester of general chemistry; 34.7% received A or 
Bb; 7.38% received E or F; 22.4% received D, E, or F. Ten per cent of 
this group received F either the first or the second semester. 

Of those rated as “‘low’’ in high-school physics: 2% received A in the 
first semester of general chemistry; 17.7% received A or B; 13% received 
! or F; 33.7% received D, E, or F. Seventeen and seven-tenths per cent 
of this group received F either the first or the second semester. 

Table VII includes those who had not had high-school chemistry. It 
shows that of those rated as “high” in high-school physics and in high- 
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TABLE VI 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 
IN HIGH-ScHooL Physics AND THE GRADE IN EACH SEMESTER OF GENERAL CHEMISTRY 
FOR THOSE WHo Have Not Had CHEMISTRY 

Grades in first semester General Chemistry 

H.-S. grades in Physics A B cC D E o Drop 
H.-S. grade in Physics 80 or above 35 69 119 45 5 17 9 
H.-S. grade in Physics lessthan 80 7 54 156 71 5 40 11 


Grade in second semester General Chemistry 


Failed 
Ist Drop register 
semes- Ist 2nd 
H.-S. grades in Physics F B ; < F Drop ter semester semester 


Did 


H.-S. grade in Physics 80 or 

above 33 69 94 j 3-66 AZ 9 10 299 
H.-S. grade in Physics less than 

80 13 35 123 7 21 8 40 11 17s 3344 


643 


TABLE VII 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 
iN HicH-ScHoo, Physics anp Mathematics AND THE GRADE IN EacH SEMSTEER 
GENERAL CHEMISTRY FOR THOSE WHO Have Not Had H1Gu-Scuoot, CHEMISTRY 

Grade in first semester General Chemistry 
H.-S. grades in Physics and Math. A B C Oo £ * Drop 

H.-S. Physics grade and all H.-S. Math. grades 80 or 

above iy 1d 20" 7 a 
H.-S. Physics grade 80 or above and part of H.-S. 

Math. grades 80 or above 17 44 64 28 9 
H.-S. Physics grade below 80 and part of H.-S. Math. 

grades 80 or above 33 
H.-S. Physics grade and all of H.-S. Math. grades 

less than 80 2 14 


Grade in second semester General Chemistry 
Did 
Failed not 
Ist Drop register 
semes- Ist 2nd 
H.-S. grades in Physics and Math. / , ? F Drop ter semester semester 
H.-S. Physics grade and all H.-S. 
Math. grades 80 or above 5 2 7 33 3 0 
H.-S. Physics grade 80 or above and 
part of H.-S. Math. grades 80 or 
above 
H.-S. Physics grade below 80 and 
part of H.-S. Math. grades 80 or 
above 
H.-S. Physics grade and all of H.-S. 
Math. grades less than 80 9 39 28 013 
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chool mathematics: 22.3% received A in the first semester of general 
chemistry; 47.3% received A or B; 5.2% received E or F; 14.5% re- 
ceived D, E, or F. Seven and eight-tenths per cent of this group received 
l* either the first or the second semester. 

Of those rated as “‘low’’ in high-school physics and in high-school mathe- 
matics: 1.7% received A in the first semester of general chemistry; 13.5% 
received A or B; 18.6% received E or F; 41.5% received D, FE, or F. 
Twenty-six and two-tenths per cent of this group received F either the 
first or the second semester. 

Table VIII indicates that, regardless of whether a student ever had high- 
school chemistry, of those who rated as ‘‘high”’ in high-school mathematics: 
21% received A in the first semester of general chemistry; 47.3% received 
A or B; 5% received E or F; 14.8% received D, E,or F. Seven and eight- 
tenths per cent of this group received F either the first or the second se- 
mester. 

TaBLeE VIII 


Data COVERING THE RESULTS OF FouR YEARS ON THE RELATION BETWEEN GRADES 

IN HicH-ScHoor, Mathematics aNnD THE GRADE IN EACH SEMESTER GENERAL CHEM-~ 

ISTRY INCLUDING THosE WHo Have Had anp THosE Wuo Have Not Had Hicu-Scnoou 
CHEMISTRY 


Grade in first semester General Chemistry 
H.-S. grades in Math. A B Cc D E * Drop 
All H.-S. Math. grades 80 or above 72 91 1238 £434 1 16 7 344 
Part of H.-S. Math. grades 80 or above 61 207 506 231 11 120 44 1180 


All H.-S. Math. grades less than 80 11 60 250 152 13 124 19 629 


2153 


Grade in second semester General Chemistry 
Did 
not 
Failed Drop register 
Ist Ist 2nd 
H.-S. grades in Math. y, ; 7 F Drop semester semester semester 
All H.-S. Math. grades 
80 or above 52 OG 92 ) 11 ‘ 16 16 344 
Part of H.-S. Math. 
grades 80 or above 71 z 2: & 7 1s 120 50 1180 
All H.-S. Math. grades 


less than 80 12 4 oe 64 10 124 ¢ 30 629 
21538 


Of those rated as ‘‘low”’ in high-school mathematics: 1.7% received A; 
11.3% received A or B; 21.8% received FE or F; 45.9% received D, E, or F. 
Twenty-nine and eight-tenths per cent of this group received F either the 
lirst or the second semester. 

It seems that high-school grades in mathematics would have served as 
‘ fairly good guide in sectioning both those who had and those who had not 
studied chemistry before. ‘Tables I and V show that the mathematics 
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grades for those who had had chemistry would have been a slightly better 
guide than for those who had not had chemistry. 

It also seems that the high-school physics grades were not as reliable a 
guide for either group as were the high-school mathematics grades. High- 
school chemistry grades were not as reliable as high-school mathematics 
grades. 

It might well be argued that the mathematics grades ought to serve as 
better guides than those in physics or chemistry since the mathematics 
grades represent several courses and examinations instead of a single 
one. 

The combination of high-school chemistry and mathematics grades 
served distinctly better than high-school mathematics grades alone in 
finding the good students among those who had had chemistry. However, 
this combination was only slightly, if any, better than high-school mathe- 
matics grades alone in finding the poor student. Concerning the group 
which had not studied chemistry, similar statements may be made regarding 
the combination of high-school physics and mathematics grades. 

The collection of the high-school grades of each student in a large course 
at the outset of the course cannot help but be tedious. For this reason, 
we have attempted to develop a placement test as a guide in sectioning. 
For the past three years such a test has been given to those who had high- 
school chemistry and for the past two years to those avho had not had 
chemistry. The tests given to both groups have been identical but the 
students of each group are rated separately. In each case, the highest 10% 
are arbitrarily rated as A; the next 15%, B; the next 50%, C; the next 
15%, D; and the lowest 10%, F. It might be of interest to mention that 
the highest raw score on the placement test this last fall was made by a 
student who had never had chemistry. Each year, each question is judged 
by its individual ability to predict performance in chemistry. Only those 
questions survive which evidently have value. 

For sectioning, we usually consider only the top and bottom quarter in 
the placement test. 

Table IX includes those who had had high-school chemistry. Of the 
top quarter in our placement test (7. e., those who made A or B in it); 18.8% 
received A in the first semester of general chemistry; 48.7% received A o1 
B; 5.2% received E or F; 16.7% received D, E, or F. Eight and three 
tenths per cent of this group received F either the first or the second se 
mester. 

Of those who were in the bottom quarter in our placement test (7. e. 
those who made D or F in it): 0% received A in the first semester of gen 
eral chemistry; 4.7% received B; 34.3% received E or F; 63.5% received 
D, E, or F. Forty-six and eight-tenths per cent of this group received / 
either the first or the second semester. 
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TABLE IX 


JATA COVERING THE RESULTS OF THREE YEARS ON THE RELATION BETWEEN GRADES 
IN OUR Placement Test AND THE GRADE IN EACH SEMESTER OF GENERAL CHEMISTRY 
FOR THOSE Wuo Have Had Hicu-ScHoot CHEMISTRY 


Grade in Grade in first semester General Chemistry 


placement 


D 
8 
14 


E F 
0 2 
8 


Drop 


0 


80 
30 


Grade in second semester General Chemistry 
Did 
Failed Drop not 
Ist Ist register 
semes- semes- 2nd 
Drop ter ter semester 


Grade in 
placement 
test 


A t 1 2 0 4 80 
B ‘ y c 7 111 
c f y : : 3 f 27 402 
D 6 117 
F 2 


‘ TABLE X 


DaTA COVERING THE RESULTS OF Two YEARS ON THE RELATION BETWEEN GRADES 
IN OUR Placement Test aND THE GRADE IN EacH SEMESTER GENERAL CHEMISTRY 
FOR THOSE WHO Have Not Had Hicu-Scuoor, CHEMISTRY 
Grade in 
placement 

test d B : D E F 
A 21 < 3 0 
B 24 3s 2 
Cc j 43 
D 2 (i 12 
F 22 19 


Grade in first semester General Chemistry 


Drop 


Grade in second semester General Chemistry 
Did 
Failed Drop not 
Ist Ist register 
semes- semes- 2nd 
Drop ter ter semester 


0 0 


2 


Grade in 
placement 
test 


32 
12 


a 


19 





é 
] 
} 

y 
ae ** 
i" 
; 4 
‘ 
4 
. | 
Fe 
{ 
el 
q 
| 


a SSM ARES SS Sma Kaplins 


ee 


126 JOURNAL OF CHEMICAL EDUCATION January, 1930 


Table X includes those who had not had high-school chemistry. It 
shows that of those students who were in the top quarter of our placement 
test (A or B): 18.9% received A in the first semester of general chemistry: 
47.1% received A or B; 1.9% received E or F; 10% received D, E, or F. 
Three and seven-tenths per cent of this group received F either the first or 
the second semester. 

Of those who were in the bottom quarter (D or F) in the placement test: 
1.2% received A in the first semester of general chemistry; 6.7% received 
A or B; 19% received E or F; 44.1% received D, E, or F. Twenty-five 
and one-tenth per cent of this group received F either the first or the second 
semester. 

Good placement grades served equally well to locate good students in 
both groups but failed to eliminate as many poor students among those who 
had chemistry as among those who had not had chemistry. 

Poor placement grades served very much better to find poor students in 
the group which had had chemistry than to find poor students in the other 
group. Poor placement grades served a little better to eliminate good 
students among those who had had chemistry than in the other group. 

In conclusion, we feel that for those who have had high-school chemistry, 
good grades in high-school mathematics are better than good placement 
grades to pick good students. But poor placement grades serve distinctly 
better than poor high-school mathematics grades to pick poor students. 
The combination of good high-school chemistry and mathematics grades 
are better than good mathematics grades alone to pick good students. 
The combination of poor high-school chemistry and mathematics is only 
slightly, if any, better than poor mathematics alone and both are distinctly 
inferior to poor placement grades in finding the poor student. 

Considering those who have not had chemistry: good placement grades 
have proved considerably better than good high-school mathematics 
grades in finding good students. Poor placement grades serve slightly, if 
any, better than poor mathematics grades to pick poor students. Th 
combination of good high-school physics and mathematics grades is much 
better than good high-school mathematics grades alone in finding the good 
student. 

Good placement grades serve nearly as well as the combination of good 
high-school physics and mathematics grades in finding good students anc 
are a little more successful in eliminating the poor ones. 


A Platinum Substitute. An alloy named ‘‘Konel,”’ said to be in some circumstance 
a substitute for platinum, is being marketed by the Westinghouse Electric and Manu 
facturing Co. The alloy has the following composition; nickel, 70 per cent; cobalt 
19.5 per cent; the rest being iron and titanium.—Chem. Age 





AN ELEMENTARY CHEMISTRY LABORATORY BALANCE 


SHOWELL C. DENNIS AND WEBSTER H. HANSEN, GIRARD COLLEGE, PHILADELPHIA, 
PENNSYLVANIA 


A need seems to exist in elementary and general chemistry laboratories 
for a new type of small demountable balance. To date, the balances on 
the market for use in chemistry classes seem to include one or more of these 
disadvantages: they are flimsy and poorly constructed; they are either 
not demountable or consist of too many small parts; weights are required 
which the student easily loses; they are limited to use in only a few experi- 
ments; and in some cases they fulfil other requirements but are too ex- 
pensive. 

Description and Operation 


With the above defects in mind a balance has been designed to fill the 
need and is shown set up 
in the accompanying il- 
lustration. It is com- 
posed of fivesubstantial, 
well-made units. The 
base is lacquered cast 
iron of asize, 9” & 33/,” 
xX %/,". The upright 
post screws into the base 
two and one-half inches 
from the left side and 
the rigidity and sturdi- 
ness of the balance are 
assured by the weight of 
the base firmly holding 
the post. ‘The latter is 
of lacquered cast iron, 
5" long by */,” in diam- 
eter. On top of this is 
the knife edge rest and card, made of brass and with contact points of in- 
laid tool steel. The card, rest, and post is 8*/,” long and comprises the sec- 
ond unit of the balance. ‘The beam is the third part and consists of a brass 
counterpoise on a 2*/,” threaded arm; a large fine-grade tool steel knife 
edge fulcrum mounted in the beam, which is extended downward to stop 
swinging too far; a blackened steel pointer; the rider arm, carrying two 
riders; a knife edge; and hanger hook. ‘The rider arm is made of German 
silver and the riders of brass. The knife edge is mounted in the rider arm 
7/1,” from the fulcrum of the beam and supports the hanger hook. The 
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beam is notched so that a small rider between the fulcrum and the pan 
knife edge covers a scale of one gram in tenths of grams and a large rider 
covers a scale of twenty-five grams in grams. A small screw inserted at 
the extreme right of the beam, eleven inches long, prevents the removal 
of the riders. ‘The fourth and fifth parts of the balance are the pan hanger 
of brass and a fine German silver pan, 2°/,” in diameter. When set up the 
scale stands 9'/2" high and is as wide as the beam is long. ‘The five sepa- 
rated parts are packed away in their respective pockets of a heavy flannel 
case 4” & 12” X 11/2”, which offers the best protection for the parts and 
occupies a minimum of space when not in use. When a weighing is to be 
made the balance need not be leveled other than by placing on a horizontal 
surface, because the beam should be balanced each time it is set up. It is 
ready for use after balancing with the counterpoise. Due to the lever 
principle of the balance the rider scales read from right to left. The only 
device approximating these principles is the Westphal balance. 

We feel that this scale meets the requirements, in that it is strong, solid, 
and substantial, that it is demountable and made of only five large parts, 
that there are no weights to be lost and that it is adaptable to many uses 
in classrooms, laboratories, and field work. It is sensitive to ten milligrams 
or 0.01 gram and when weighings are desired to that accuracy a third 
rider consisting of a small loop of wire should be used, the sensitivity is 
nearly uniform regardless of the weight on the pan. With the aid of the 
counterpoise crucibles, dishes, beakers, and watch glasses may be balanced 
before weighing substances in them. 

By using a small weight and a glass bob hung from the hanger hook, 
specific gravities of liquids lighter and heavier than water up to 2.500 may 
be measured. ‘The weight similar to the large rider and having a small 
hook on the under side is attached to the hanger hook to compensate for 
the weight of the pan and hanger removed. ‘The glass bob is made of 
solid glass rod rounded off at the top and with a small loop of glass annealed 
to it. The bottom is ground and in the grinding is standardized to losc 
exactly ten grams of weight when immersed in distilled water 70° Fahren 
heit. The bob is 2°/,” long by °/:5” (15 mm.) in diameter and is hung by 
means of No. 36 platinum wire one inch from the weight. The weight anc 
bob are placed on the beam, the large rider on the twenty-five-gram mark, 
and balanced with the counterpoise. Then when the bob has been im 
mersed in a liquid each notch to the right on the large scale will be equiva 
lent to 0.1 of one degree specific gravity. ‘The rider must be moved to th« 
fifteen gram mark for water. Each notch to the left with the small ride: 
detracts one-hundredth of a degree from the reading on the large scale 
With the weight and bob is provided a scale showing the equivalent specific 
gravities for the readings on the beam scales. The third rider may be in 
corporated for reading to three decimal places. 
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Use of Balance in Elementary Chemistry 


A study of laboratory manuals for elementary chemistry has shown that 
ten per cent of the experiments require a balance or scale as part of the ap- 
paratus. Another fifty per cent call for definite quantities of substances or 
for solutions of definite proportions of salts which are best obtained by using 
a balance. In other words, in elementary chemistry laboratories the aim is 
more nearly fulfilled in sixty per cent of the experiments by employing a 
balance. ‘Then, too, the student is learning by actual experience something 
of the accuracy of modern science which might otherwise be entirely 
missed. Uses for such a balance in qualitative analysis are quite frequent. 
We have found by experiment that with ten or twenty-gram samples, rough 
quantitative analyses can be made with the above described balance show- 
ing accuracy of one tenth to one half of a per cent. 


PRELIMINARY PROGRAM OF THE SOCIETY OF RHEOLOGY 


A meeting will be held at the U. S. Bureau of Standards, Washington, D. C., on 
December 19th and 20th for the presentation of papers before the newly organized 
Society of Rheology, devoted to the flow of matter. Numerous papers are already 
arranged for and interesting conferences are assured. There will be afternoon and 
evening sessions on Thursday and a morning session on Friday devoted to papers. 
These will be followed by an inspection trip in the afternoon, arranged specially for 
those in attendance. The Bureau of Standards has much equipment of special interest 
to those attending. There is not only the equipment for the exact measurement of 
length, temperature, time, and pressure, but apparatus for measuring the consistency 
of lubricants, paint, limes, metals and alloys, etc. 

The headquarters of the Society will be the Washington Hotel. Programs of the 
meeting may be obtained from Dr. A. Stuart Hunter, DuPont Rayon Company, Buffalo, 
New York. Papers already arranged for are: 

“A New Consistometer and Its Application to Greases and to Oils at Low Tem- 
peratures,’’ RONALD BULKLEY AND F. G. BITNER. 

“The Slippage Correction in Plastic Flow,” R. V. WILLIAMSON. 

“Solvation and the Viscosity of Dilute Lyophilic Dispersions,’’ FREDERICK HAHN 
AND ELMER O. KRAEMER. 

“Consistency in the Application of Coatings to Paper,’ R. M. Coss anp D. V. 
LOWE. 

“Plasticity of Protoplasm,’” WILLIAM SEIFRIZ. 

“The Plasticity of Mixtures of Nitrocellulose and Nitro-glycerine,” R. N. 
PRITCHETT. 

“Association,’’ EUGENE C. BINGHAM AND LOGAN B. DARRALL. 

“The Capillary Siphon as Applied to Ruling Machines,’’ DANIEL FIGLIOLI. 

“Physical Properties of Metals and Design of Plant for High Temperature Service,” 
R. W. BaILey. 

“Colloidal Properties of Soil,” GEorGE W. Scotr BLarr. 

“Consistency Standards,’”” EUGENE C. BINGHAM. 

“The Kinetic Energy Correction in Fluid Flow,” S. BRADFoRD STONE, 

“The General Equation of Flow,’’ Markus REINER, 





FELLOWSHIP OPPORTUNITIES FOR STUDY ABROAD 


ARCHIE M. PALMER, ASSOCIATE SECRETARY, ASSOCIATION OF AMERICAN COLLEGES, 
NEw York Clty 


The tremendous increase in recent years of interest in foreign travel and 
study has caused many an American to cast a longing eye on the possi- 
bilities of study in a European university. With the traditional back- 
ground provided by the significant achievements of foreign savants, it is 
not at all surprising that young American scientists should respond to the 
attractions of such study. ‘ 

In the course of the valuable study he made of “Great Teachers and 
Methods of Developing Them,” for presentation at the recent annual 
meeting of the Association of American Colleges, Dr. Robert L. Kelly 
uncovered some very significant evidences of positive effort on the part of 
our colleges and universities to develop their faculties by encouraging in- 
service study. Dr. Kelly found instances of institutional financial aid 
being given to young teachers to enable them to pursue graduate study 
and research while in service, on sabbatic leave, and in summer ses- 
sions. 

Whenever inquiry is made to determine why more promising young 
faculty members do not respond to the urge for such further graduate 
study, at home or abroad, there inevitably emerges that obstacle to pro- 
ductive scholarship and professional development arising from the small 
income of the average college professor or instructor, especially in the 
years immediately following the attainment of the doctorate, the very 
period during which the impulse to independent, creative scholarship and 
research ought to be kept alive. 

Teachers of chemistry, as well as those in other scientific and humanistic 
fields, can benefit especially from a period of study in a foreign land where 
they can observe and learn at first hand the methods and technic em- 
ployed abroad, and also absorb the spirit and culture and appreciate the 
institutions of the country whose literature and customs they interpret to 
their own students in the classroom and from the lecture platform. Not 
merely do the teachers themselves profit professionally from this experience 
but they can carry back to their own people an intelligent and sympathetic 
understanding and appreciation of foreign methods and practices. 

It is not always possible for the ambitious young science teacher who is 
devoting himself to a life of service to provide from his meager earnings 
the necessary funds for a trip abroad, much as he may recognize and 
cherish its value to him personally and to the enhancement of his pro- 
fessional advancement. Opportunity for such deserving scholars to 
enjoy the advantages of foreign study is made possible through an amaz- 
ingly large and steadily growing number of fellowships and scholarships 
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established by far-sighted individuals, foundations, colleges and univer- 
sities, and other institutions. 

Some require the Ph.D. or its equivalent in scholarship as a prerequisite 
to candidacy, but the majority merely specify that the candidate shall, 
either at the time of applying or at the time of entering upon the fellowship, 
have graduated from an approved institution of higher learning. Age 
limits are usually prescribed, the preference being given to candidates 
under thirty, or in some instances, thirty-five. However, exceptions are 
made for special reasons in the case of older scholars. 

Sometimes, as in the case of the research fellowships of the International 
Education Board, a candidate is not himself allowed to apply but his 
name must be presented by a scholar eminent in his field of work. Nearly 
always the candidate must have already demonstrated outstanding 
ability through important original research and must give promise of 
future leadership in his own field. There must also be submitted a com- 
plete outline of the work the candidate will pursue. 

In most instances the candidate for a foreign study fellowship must have 
a conversational as well as a reading knowledge of the language of the 
country where he proposes to work. ‘In all cases he must present a physi- 
cian’s certificate or other evidence that he is in good physical condition. 
A few organizations require that the candidate have assurance of a suitable 
post in an educational institution or in the government service of his 
country reserved for him upon the completion of his fellowship. ‘This is 
true of the fellowships of the Rockefeller Foundation and of the Inter- 
national Education Board. 

While most foreign study opportunities are not restricted as to field 
of study but are available for study in all fields of scholarship, those of the 
National Research Council, of the Rockefeller Foundation, and of the 
International Education Board, are for research or study in some field of 
pure or applied science. 

Holders of fellowships are ordinarily not restricted in their choice of 
place of study or research. While it is customary to require them to de- 
vote their whole time to their program of study or to their research proj- 
ect, sometimes, as with the National Research Council fellowships, a 
limited amount of advanced teaching or attendance in advanced courses 
is permitted in cases where the fellowship holder resides in an educational 
institution. In almost all cases, if publications result as fruits of the 
fellowships, it is required that a statement to that effect appear in each 
publication. 

The purposes of the fellowships naturally differ. ‘They may be in- 
tended primarily to promote research or creative endeavor, of an inde- 
pendent kind as opposed to a directed kind. Sometimes they are pro- 
vided to enable advanced students to obtain in a foreign country the 
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training or experience which they cannot receive at home with equal 
advantage. It may also be intended, by means of these fellowships, 
to preserve the research ability in the early post-doctorate years which is 
so often lost by premature or excessive absorption in teaching and ad- 
ministration. With other fellowships the purpose may be two-fold, the 
primary purpose being to enable the student to improve his scholarship 
and ability in his chosen field of work—ordinarily it is also to assist him 
to work toward his doctor’s degree—at the same time it being 
expected that he will become familiar with the civilization and culture of 
the country to which he goes and will become an interpreter of his own 
country to those he meets there. 

One of the most liberal opportunities that teachers find open to them 
for foreign study is that offered under the John Simon Guggenheim Me- 
morial Foundation. The specific objects of this foundation, which was 
established in 1925, are ‘‘to add to the educational, literary, artistic, and 
scientific power of this country and also to provide for the cause of better 
international understanding.’’ It aids scholars of exceptional aptitude 
and artists with creative ability of a high order, making no restrictions 
as to subject or place of study and offering equal opportunities to both 
sexes, married or single, of any race, color, or creed. Every year some 
fifty fellowships, each carrying a stipend of $2500 a year, are filled, many 
of them by teachers or professors on sabbatic leave. 

Another interesting group of fellowships are those awarded under the 
Kahn Foundation for the Foreign Travel of Teachers, founded on ‘‘the 
conviction that the cause of civilization may be greatly encouraged and 
promoted by travel on the part of teachers, scholars, and investigators.”’ 
These fellowships are open to men only, preferably to professors in our 
colleges and universities, between twenty-five and thirty-five years of 
age, with records of success in their studies that prove their capacity 
for strenuous work, and not only capable of independent observation and 
constructive thought but also able to communicate to others the results 
of their observations. ‘The Kahn fellowships provide for a year of foreign 
travel and study, the incumbents being expected to visit the various 
countries of Europe and Egypt, India, China, Japan, Ceylon, and Java. 
The yearly stipend for such travel is about $5000 and it is expected that 
the fellowship will enable its holder ‘‘to issue from the world of books and 
their narrow sphere of habitual interests into the broader world of various 
civilizations and such human interests, struggles, and endeavors as go to 
their making of general civilization.” 

It was in order to develop a more complete realization and consideration 
of the contributions to science and learning made by the great minds of 
France that an organization known as the American Field Service Fellow- 
ships for French Universities was established shortly after the World War. 














Vor. 7, No. 1 FELLOWSHIP OPPORTUNITIES 133 


It was also “in order to provide an enduring memorial to the one hundred 
twenty-seven Field Service men who gave their lives to the cause and to 
perpetuate among future generations the mutual understanding and fra- 
ternity of spirit which marked their relations during the war’ that the 
organization has continued activities. Each year awards are made of a 
series of fellowships for advanced study in France to qualified candidates 
selected from among the faculty and graduates of American colleges and 
universities and from the technical and industrial field, each carrying a 
stipend of $1400. These fellowships, which at present are open only to 
men, are offered for study in the universities and faculties and other insti- 
tutions of higher learning in Paris and in the sixteen provincial university 
centers. The candidate may designate his choice of the institution in 
which to pursue his work but the desirability of a period of residence in a 
provincial university is strongly recommended. 

In the realization of its aim, to develop international good-will and 
understanding through educational agencies, the Institute of International 
Education has now for nearly a decade been making it possible for foreign 
students to come to the United States on international exchange fellow- 
ships and for American students to study in European universities on 
reciprocal fellowships. With the exception of the Rhodes Scholarships, 
established a quarter century ago by Cecil John Rhodes as a vehicle for 
bringing the United States and the British dominions into more intimate 
cultural relattons with England and particularly with Oxford, and the 
American Scandinavian Foundation Fellowships, established in 1911 ‘‘to 
cultivate closer relations between the Scandinavian countries and the 
United States,” international fellowships as such hardly existed before 
the World War. 

With the inauguration this year of the American-Italian Student Ex- 
change, the foreign study exchange fellowship activities of the Institute 
have been extended to include seven European countries: Austria, Czecho- 
slovakia, France, Germany, Hungary, Italy, and Switzerland. Under these 
exchanges a limited number of fellowships and scholarships are offered each 
year to American students who wish to study abroad. These fellowships 
and scholarships have been established as an international exchange in 
appreciation of those offered by American colleges and universities to the 
nationals of the countries concerned. 

In addition to providing the opportunity for enlarging the professional 
equipment of the holders, a dominating idea behind these foreign study 
fellowships for American students is to make it possible for America to 
broaden her horizon and to promote international good-will through a 
better mutual understanding between the United States and foreign 
countries. That the furtherance of this ideal is being realized is clearly 
manifest in the activities of those who have returned after an enjoyment of 
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these opportunities, and the increasing breadth of vision and of interest 
in international affairs on the part of our people generally and of our 
youth particularly. 

Of the eighty-two Americans abroad on these exchange fellowships last 
year, one was in Austria, five in Czechoslovakia, twenty-five in France, 
forty-one in Germany, four in Hungary, and six in Switzerland. Among 
them were a number of members of college faculties and also many recent 
graduates who are contemplating a teaching career upon their return to 
this country. ‘These exchange fellowships cover, in most instances, tuition, 
board and lodging, either in kind or in a money equivalent. Some provide 
free tuition only, but under either arrangement a number of excellent 
advantages are enjoyed by the holders of the fellowships by virtue of 
their status as exchange fellows. 

A candidate applying for one of these foreign study exchange fellowships 
must (1) be a citizen of the United States or one of its possessions; (2) 
at the time of making the application be a graduate of a college, university, 
or professional school of recognized standing, or at the time of entering 
upon the scholarship have met this requirement; (3) be of good moral 
character and intellectual ability, and of suitable personal qualities; (4) 
present a certificate or other evidence of good health; (5) possess ability 
to do independent study and research; and (6) have a practical reading, 
writing, and speaking knowledge of the language of instruction in the 
particular country. These opportunities are open to both men and women. 
Preference in selection is given to candidates under thirty years of age. 

The American Association of University Women administers a number 
of foreign study fellowships for women teachers, graduates of our American 
colleges and universities. Their International Fellowship, which is open 
to all members of the Associations and Federations of University Women 
forming branches of the International Federation, carries a stipend of 
$1500 and enables the winner to study in any approved university or 
institution in a country other than that in which the Fellow had received 
her previous education or habitually resides. 

The Anna C. Brackett Memorial Fellowship, which is awarded in alter- 
nate years and which has a stipend of $1000, is awarded through the 
Association to an American woman having a degree in art, science, or litera- 
ture who intends to make teaching her profession. In general, preferenc« 
is given to applicants who have had successful experience in teaching and 
in addition have completed at least two years of graduate study. Simi- 
larly, the $1000 Julia C. G. Piat Memorial Fellowships is awarded every 
third year, the last award having been made in 1927. 

The Association administers the Alice Freeman Palmer Memorial Fellow 
ship, which is open to women holding the degree of Ph.D. or D.Sc. whc 
are able to present evidence of distinctive subsequent accomplishment in 
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research. ‘This fellowship carries a stipend of $1500. The Association’s 
uropean Fellowship of $1500 is open to American women having a de- 
‘ree in art, science, or literature who have met all the requirements of the 
Ph.D. degree, with the possible exception of completion of the dissertation, 
and who show promise of distinction. Their Boston Alumnae Fellowship 
with a stipend of $1000 is awarded ‘‘for constructive work in Europe or 
America,” the award being made to an applicant who presents a report 
based on a limited amount of investigation but of high quality and promise. 

A number of colleges and universities offer foreign study fellowship 
opportunities to their own graduates and in some instances consider appli- 
cations from graduates of other colleges of recognized standing. Also, 
fellowships originally intended for graduate study at a particular American 
college or university may under certain circumstances be used for foreign 
study. As each of these opportunities entails a specific relationship to 
the institution in question, teachers interested in them might well consult 
their alma maters or the particular colleges concerned. 

In a bulletin on ‘Fellowships and Scholarships Open to American Stu- 
dents for Study in Foreign Countries,” published by the Institute of 
International Education, 2 West 45th’Street, New York, detailed informa- 
tion about these various fellowships will be found. The institute also 
publishes a number of bulletins of interest and value to teachers and 
students, such as the Handbook for American Students in France and 
treatises on the systems of higher education in other countries of Europe. 
Several colleges have assembled material on fellowship opportunities, 
available for use in this country as well as abroad, for the benefit of their 
own graduates and have put that material in pamphlet form. Smith 
College has published such a bulletin on the opportunities for women 
college graduates. 

The American studying abroad, whether interested in a specific project 
or in general cultural development, enjoys the opportunity to observe 
“a civilization other than his own” in the making, and is enabled to inter- 
pret and compare his own nation and its institutions with another nation 
and its institutions. Rich opportunities in every field of scientific study 
and research are to be found in foreign universities providing an invaluable 
supplement to our own educational resources. And, further, he is afforded 
the opportunity to add his weight to the bond of international good-will 
and understanding which inevitably results from the contact of one 
civilization with another. 


Synthetic Bell Imitates Big Ben. Listeners to station KDKA now hear chimes 
every hour that sound like London’s Big Ben. Actually the sounds are made syntheti- 
cally by combining the electric vibrations from a battery of vacuum tubes.—Science 


Service 





FELLOWSHIPS FOR STUDY IN GERMANY UNDER THE AMERICAN-GERMAN 
EXCHANGE 


ADMINISTERED BY THE INSTITUTE OF INTERNATIONAL EDUCATION, 2 WEsT 45TH STREET, 
New York City 


A number of fellowships are offered each year by the German universities through 
the Akademischer Austauschdienst, the representative in Germany of the American 
German Student Exchange of the Institute of International Education, to American 
college and university graduates who wish to study at institutions of higher education 
in Germany. ‘These fellowships have been established as an international exchange in 
appreciation of those offered by American colleges and universities to German students. 

The American-German Student Exchange, which was organized in 1924, was con- 
ceived as a movement toward developing international friendship and good-will by 
creating a tradition of coéperation and reciprocity between the United States and 
Germany through the study of the institutions and psychologies of the two countries. 

One of the outstanding achievements of the Exchange has been the establishment 
and administration of a series of exchange fellowships which afford the opportunity 
each year for a fine body of worthy German students to come to the United States for 
study in their special fields in American colleges and universities and for an equally 
fine group of American graduate students to study in the German universities. The 
remarkable development of this activity is illustrated by the fact that the number of 
fellowships has steadily grown from fourteen in the first year to nearly one hundred this 
year, about equally divided between Germany and the United States. 

The fellowships for Americans are available at such institutions as the Universities 
of Berlin, Bonn, Breslau, Frankfurt, Giessen, Gottingen, Greifswald, Halle, Hamburg, 
Heidelberg, Jena, Kiel, Kéln, Leipzig, Marburg, Munich, and Tiibingen and at the 
technological institutes at Aachen, Berlin, Danzig, and Dresden. 

In most instances the fellowships provide for free tuition and board and lodging 
during the academic year either in a student dormitory or in the home of a German 
citizen chosen by the Akademischer Austauschdienst for his interest in the promotion 
of cultural relations between the United States and Germany. Some of the fellowships 
carry cash stipends of varying amounts (usually about 2000 marks, which approxi- 
mately covers the cost of room and board for the academic year) in addition to free 
tuition. ‘There are in addition a limited number of fellowships covering tuition only. 
Under either arrangement the fellowship holder enjoys a number of advantages at the 
German university by virtue of his status as an American-German Exchange Fellow. 

Applicants may express preferences for certain universities, but these preferences 
must be supported by adequate reasons for the choice. Assignments will be made after 
consideration of the subjects of study chosen by the candidates. The fellowships ar: 
offered in various fields of study, including the Natural Sciences. 

American Fellows are required to attend the institutions to which they are assigned 
during the entire academic year, from the first of November to the middle of July. 
Many of the Fellows go to Germany during the summer to perfect their German in the 
summer sessions of the Germany universities before beginning their regular work. Thi’ 
is strongly recommended in order that the Fellow may obtain the greatest advantag* 
from his opportunity. 

A candidate applying for one of these fellowships must: 

1. Bea citizen of the United States or one of its possessions; 

2. At the time of making the application be a graduate of a college, university, or 
professional school of recognized standing, or at the time of entering upot 
the fellowship have met this requirement; 
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Be of good moral character and intellectual ability, and of suitable personal 
qualities; 

Present a certificate of good health; 

Possess ability to do independent study and research; and 

Have a practical ability to use German books, both in the general subjects and 
in his own special field, and be able to speak German and understand lectures 
delivered in German. 

The fellowships are open both to men and to women and are tenable for one year. 
In the absence of an absolute rule, preference in selection will be given to applicants 
between the ages of 20 and 30, and to those who are unmarried. 

During the course of the year the Fellow shall submit two reports to the American- 
German Student Exchange and one to the Akademischer Austauschdienst. 

Fellowship holders must have sufficient money of their own to cover traveling, 
vacation, and incidental expenses. Those who go to Germany with $500 or more a year 
at their disposal have a more agreeable sojourn than those unprovided with a little fund 
to be used for travel and amusement. During the long vacation period excellent op- 
portunity is afforded to visit in Germany and other countries of Europe. 

Each student makes his own arrangements for sailing, passport, and visas. ‘There 
is no charge for the German visa. 

It is suggested that students secure the International Student Identity Card issued 
by the National Student Federation of America, the American unit of the Confédération 
Internationale des Etudiants. This card serves as an introduction to European students 
and their organizations and as a proof of identity in obtaining reduced prices at certain 
hotels and museums and, in some instances, on travel and on visas for certain countries. 

American Fellows are required to call at the office of the Institute of International 
Education before sailing for Germany. They must also report, either in person or in 
writing, to the office of the Akademischer Austauschdienst, Schloss, Portal III, Berlin, 
immediately upon their arrival in Germany. 

A certain adaptability to new ways and a strange environment are necessarily 
conditions of the contentment of those who hold these fellowships. The reception a 
Fellow receives and the benefit he derives from his stay in Germany depend largely 
upon his personality and social gifts. In a word, these fellowships will be found accept- 
able only to serious students who wish to do serious work. 

Any one desiring to become a candidate for one of these fellowships should address 
a letter of application to the Secretary of the American-German Student Exchange, 2 
West 45th Street, New York, from whom the necessary application blank may be ob- 
tained. This must be filed with the student’s credentials at the office of the Exchange 
not later than January 15th of the year in which the award is to be made. 

Announcement of the fellowship awards is made in March or early April. 


Health Risks from Solvent Vapors. The vapors of solvents used in the varnish 
and allied industries are all more or less toxic, but their action varies considerably. 
For example, tetrachlorethane is highly poisonous, its use being forbidden in Germany, 
while trichlorethylene is relatively harmless. Benzene appears to be more toxic than 
its homologs, toluene and xylene (cf. Dr. Ing. Siebert, Z. angew Chem., Jan. 5, 1929). 
For oil of turpentine a concentration of 4-6 mg./l. of air produces symptoms of poison- 
ing, while the vapors of all the esters used as cellulose ester solvents are poisonous 
at moderate concentrations. The susceptibility of different persons to these vapors 
varies considerably.— Chem. & Ind. 





SOME ELEMENTARY PRINCIPLES OF X-RAY CRYSTAL 
ANALYSIS. I 


Orro REINMUTH, ASSOCIATE EDITOR 


The student of general chemistry hears frequent mention of the X-ray 
analysis of crystals. Perhaps he receives rather vague and generalized 
accounts of the principles involved in the making of such analyses. But 
he has great difficulty in finding any clear and detailed explanation of how 
the thing is actually accomplished. His instructor will tell -him, quite 
truthfully, that the time allotted to a general chemistry course does not 
permit any rambling into interesting bypaths. If he refers to treatises 
and textbooks he finds too often that they have been written for advanced 
students or specialists. He finds writers assuming that he knows things 
which he does not know and he soon becomes swamped in a maze of dia- 
grams and mathematical formulas. He is likely to conclude that the mat- 
ter is entirely too involved for him and give it up in despair. 

Now the subject of crystal analysis is not altogether an easy and simple 
one. We venture to assert that no one can present its fundamentals in 
such fashion that the reader can assimilate them without any effort what- 
ever. The present writer is under no illusion that he is about to produce a 
piece of light and interesting reading which all comers can peruse with 
unalloyed pleasure. On the contrary, he addresses himself only to those 
who would really like to understand the elements of the subject and who 
are willing to employ a certain degree of serious effort to that end if they 
can feel reasonably assured that it will not go for naught. To such as 
these we offer, not a ride in a limousine, but companionship, guidance 
and some slight assistance in a hike through interestingly variegated, though 
at times difficult, territory. 


Crystal Analysis a By-Product Idea 


The experiment which first suggested the possibility of investigating the 
structure of crystals by means of X-rays was designed, not to study crys- 
tals, but to test the nature of X-rays themselves. There had been a great 
deal of discussion as to whether X-rays were fundamentally like visible 
light or whether they constituted a new and altogether different type of 
radiation. It had been suggested that if X-rays were really a form of 
light, they must be light of very short wave-length and that, if only it were 
possible to secure fine enough diffraction gratings, they should display di!- 
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raction effects. It had also been argued that the regular and symmetrical 
external forms of crystals must indicate a regular and symmetrical internal 
tructure also. In 1912 Laue pointed out that if both these contentions 
vere correct a crystal should furnish the very fine diffraction grating which 
was needed, and that if X-rays were allowed to shine through a crystal upon 
a photographic plate, some sort of diffraction pattern should result. Sub- 
sequent experiment proved that he was right. 


The Diffraction of Waves 


Before we proceed farther let us review a little of our physics and remind 
ourselves just how certain diffraction effects arise. Although X-ray dif- 
fraction can be explained upon the basis of the quantum theory,! we shall 
avoid confusion by adhering to the more familiar and, in some respects, 
simpler wave-front theory. 

We sometimes say that a beam of X-rays is “‘reflected’”’ by a plane, or by 
planes, of atoms in acrystal. A little consideration convinces us, however, 
that this sort of ‘‘reflection’”’ must be different from the reflection of ordinary 
light by a mirror, or from the rebound of a billiard ball directed against a 
cushion. In comparison with the wave-length of ordinary light, a mirror 
is to all practical intents and purposes just what it appears to the eye— 


a plane surface. Just so a billiard cushion presents what is, with relation 
to the ball, a perfectly smooth and regular edge. But when we direct a 
beam of X-rays against a plane of atoms in a crystal it is more as though we 
were shooting a charge of buckshot against the side of a pyramid of cannon 
balls, to borrow Dr. Germer’s simile, and in this case we must imagine that 
there are considerable spaces between the cannon balls also. How can 
anything resembling regular reflection result from such an operation? 


Some Familiar Analogies 


In order to make the problem easier let us begin with a familiar analogy 
in two dimensions. When that has been made clear we can amplify our 
ideas a little to make them applicable to three-dimensional space. Let us 
suppose that there is a series of straight ripples or wave-fronts traveling 
across the surface of an otherwise smooth pond. When they encounter a 
post set upright in the pond, what happens? ‘The physicists tell us, and 
we can observe for ourselves, that a new, or secondary, series of ripples is set 
up. ‘These secondary ripples take the form of concentric rings spreading 
outward from the post. (See Figure 1.) Just so when an X-ray wave- 
train encounters an atom in space a new series of waves is set up. In that 
case, however, we are dealing with three dimensions rather than two and 
we must think of the new waves as spreading, concentric spheres rather than 
as concentric rings. 

1 Davey, Gen. Elec. Rev., 27, 742-8 (Nov., 1924). 
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The reader may object that an atom is no more a dense, “‘solid’’ body than 
is the side of a pyramid of cannon balls a true, “‘smooth” plane. He may 
say that we must think of the X-ray waves as encountering electrons rather 
than atoms. And in so saying he will be right. The atom acts like a dense 
a ---» body in the way it spreads light waves 
only because its electrons together oper- 
ate to produce a resultant of effects 
which is very similar to the single effect 
which would be produced by a dense 
body. 

To illustrate and clarify this state- 
ment let us return to our pond and 
post analogy. Only let us now suppose 
, that, instead of a single large post, we 

> ---» havea group of small posts set compara- 

FiGuRE 1.—StTRAIGHT WAVE cepa tively close together. When a series of 

TRAVELING ACROSS THE Su RFACE OF ‘ ; - 
PonD SET Up A SERIES OF Saccmeaer straight ripples encounters this obstruc- 
CIRCULAR RippLES WHEN THEY EN- tion each small post becomes the origin 
eee ke of a series of outward-spreading, circu- 
lar, concentric ripples. A glance at Figure 2 shows us how these series of 
small circular ripples combine to form a resultant series of large, nearly 
circular ripples emanating from the group of posts as a whole. We can 
readily conceive that the group of electrons making up the outer shell of 
an atom would, by a somewhat similar process, scatter X-ray waves in the 
form of spreading, concentric spheres which would merge to form a series of 
larger, nearly spherical wave-fronts ap- 
parently emanating from the atom as a 
whole. 


























“Reflection” from Regularly Spaced 
Points 





Since we have been able to justify 
the simplification in this manner, and 
since we realize clearly that we are 
dealing with a resultant, we can con- _ Ficure 2.—A Group oF SMALL 
: : Posts Has Mucu THE SAME EFFECT 
tinue, for the sake of convenience, to 4s Ong LARGE Post 
consider the atom as a unit in the 
scattering of X-rays. “Let us now inquire what would be the composit« 
effect of a number of these pseudo-units, regularly spaced. Again we 
shall approach the answer to our question by way of the pond. This time 
instead of observing a number of closely grouped small posts, or a singl« 
large post, we shall suppose that we have a straight row of regularly spaced 
large posts. Recording our observations diagrammatically in Figure 3, w« 
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note that a series of straight wave-fronts approaching the line of posts at an 
angle is partially converted into a number of series of circular wave-fronts 
spreading outward from the individual posts. Again we find that the 
circular wave-fronts combine to produce resultant waves. But now the 
resultant wave-fronts are (nearly) straight, like the original, or ‘‘incident”’ 
wave-fronts. We see also 
that the lines of motion of 
the resultant waves and of 
the incident waves make 
equal angles with the line of 
the posts. 

Applying our discoveries 
concerning the general na- 
ture of refraction to X-rays 
and crystals, we perceive 
that, when a beam of X- 
rays is directed at an angle 
against a single layer or 
plane of atoms, a diffracted 
ray should leave the plane 
at an equal angle. In this  Ficurg 3.—A STRAIGHT LINE OF REGULARLY 
one respect the plane of a Pee Sets Up A TRAIN OF “REFLECTED 
atoms can be‘said to act 
like a mirror and the beam of X-rays can be said to act as though it were 
reflected. It is therefore possible to simplify Figure 3 into a diagram like 
Figure 4. 

We do this merely as a convenience and with certain mental reservations. 
We are not deluding ourselves as to the real nature of diffraction phe- 

ws nomena. We merely take 

. advantage of the fact that 
a simplified diagram will 
work just as well for certain 
purposes that we have in 
mind as a more elaborate 
picture, and that it will be 
easier to handle. So long 
as we realize that this dia- 
gram is only useful where the analogy between reflection and these diffraction 
effects holds good, and so long as we do not try to use our diagram where it is 
not applicable, this expedient is entirely legitimate and highly commendable. 





FiGuRE 4.—A SIMPLIFICATION OF FIGURE 3 


“Reflection” from Parallel Planes of Points Differs from Mirror Reflection 


There is one important difference between the reflection of ordinary light 
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from the surface of a mirror and the diffraction of X-rays by crystals which 
we must keepin mind. ‘The angle that a reflected beam of light makes with 
a reflecting surface is always equal to the angle at which the incident beam 
strikes the surface. This much holds true for X-rays and crystals, if we in- 
terpret ‘‘surface’’ to mean a plane of atoms within the crystal. But in the 
case of ordinary light directed against a mirror the reflected beam will always 
have the same intensity, no matter what the angle of the incident beam may 
be. This is not true of monochromatic? X-rays directed against a crystal. 

This peculiarity arises out of the fact that even an exceedingly thin 
crystal is made up of a great many parallel planes of atoms. A single 
atomic plane, if such a thing could be obtained, would ‘‘reflect’”’ a beam 
of constant intensity, regardless of the angle of the incident beam. Let us 
consider why a group of parallel planes cannot do so. 

It is evident from Figure 3 that only a minute fraction of the light of 
an incident beam is ‘“‘re- 
flected” by a single plane 
of atoms. A great deal of 
light passes through, un- 
altered in direction, to be 
partially ‘“‘reflected’”’ by 
successive deeper layers or 
planes of atoms. We see, 
then, from Figure 5 that 

eo the “reflections” from a 

ti, OS great many parallel, inci- 

: ™“. dent rays may follow a 
"hg ia common track in emerging 
This 

















FicurE 5.—“REFLECTION” FROM SuccESsIVE PLanes from the crystal. 
being true, it becomes 2 


matter of great importance whether or not these ‘‘reflected’”’ wave-trains are 
all in phase* with each other. 


The Part Played by Interference 


We learned in elementary optics that, when one train of waves is super- 

2 X-ray light, like ordinary visible light, includes a range of wave-lengths. Whi 
we separate rays of a single wave-length from visible white light we call them one-color 
or “monochromatic” rays. By analogy, mixed X-ray light is sometimes called ‘“whit«’ 
X-ray light, and X-rays of a single wave-length are called monochromatic rays. Whi 
we have just said about the mirror reflection of visible light applies equally to white and 1 
monochromatic light. 

3 The use of the wave analogy to explain the action of light implies the idea of 
some sort of crest and trough formation. When the crests and troughs of one wave- 
train exactly concide with the crests and troughs of another wave-train we say that tlic 
two trains are exactly in phase. When the crests of one train coincide with the troug!is 
of the other, we say that the trains are opposite in phase. (See Figure 6.) 
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imposed upon another with which it is exactly in phase, the two trains re- 
enforce each other and combine to form a more intense ray of light. If 
the two trains are exactly opposite in phase they nullify each other and no 
resultant ray is produced. The latter phenomenon is known as inter- 
ference. ; 

In order to study this effect in a little more detail as it applies to X-ray 
crystal analysis, let us take a portion of 
Figure 5 and amplify it somewhat until 
it looks like Figure 7. 

The heavy lines designated p, p’, and 
bp” represent atomic planes. AC and 
A’B’ are incident beams of monochro- 
matic X-rays CF and B’CF are “‘re- 
flected” beams. 


Waverrains /n FPrase 


Putting a Little of Our Plane Geometry 
to Practical Use 


It is obvious that the total path 
A’B'CF is longer than the path ACF. 
In order to discover how much longer 
let us extend A’B’ to E and drop per- 
pendiculars to the paths of the incident _ es WAVELENGTH) 
rays from A to A’, from B’ to B, and from Te ia 
Cto C’. Let us also drop a perpendicu- 
lar to the atomic planes from C to. ‘The paths to be compared are AB 
+ BC + CF and A’B’ + B’C + CF. Since AB = A’B’ and CF is 











FicurE 7.—A DETAILED ANALYSIS OF “REFLECTION”? FROM SUCCESSIVE 
PLANES 
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common to both paths, we need compare only BC and B’C. ‘The reader 
can easily satisfy himself that B’CE is an isosceles triangle* and that B’C 
= B’E. But B’C’ = BC. Hence the difference in-length of the two 
paths ABCF and A’B’CF must be equal to C’E. 

Since the light-beams come from the same source, they are perfectly in 
phase when they pass through the points A and A’, respectively; it depends 
upon the difference in length of the paths traveled whether the ‘‘reflected”’ 
rays will still be in phase when they arrive at F. If the distance C’E, is 
equal to one wave-length, or any whole number of wave-lengths, the “‘re- 
flected”’ rays will be in phase and maximum ‘“‘reflection’’ will be observed; 
if it is not, ‘‘reflection’’ will be minimal or will disappear entirely. 


Translating the Report of Our Findings into a More Elegant and Exact 
Language than English 


The fact which we have been trying to bring out can be summed up as 
follows: When X-rays of a given wave-length are directed against a given 
crystal at a given angle we will observe reflection, if the line C’E on a dia- 
gram corresponding to Figure 7 is equal in length to one, or any whole 
number, of wave-lengths. 


You see for yourself what a vague, clumsy expression that is. So don’t 
blame the physicist when he tries to express what we have found out more 
neatly and exactly by resorting to mathematics—give him credit. After 
all there is nothing very terrible about his formula when one sees how he 
gets it. 

He says: let \ = the wave-length of the X-rays, and let m = any whole 
number; then we will observe reflection when: 


ni\.= CE (1) 


Trigonometry Helps Us Make the Translation 


That is a great improvement over our first attempt to tell what we have 
learned, but it is not altogether satisfactory yet. The person who secs 
this formula may not have our diagram at hand, and if he draws one of his 
own he may employ a different geometrical construction or he may letter 
it differently. We ought to find some way of expressing C’E so that no 
mistake could possibly arise. 

If we study Figure 7 we find that the length represented by C’E depend 
upon just two things—the magnitude of the angle of incidence which the 
light rays make with the crystal planes, and the distance between the 


4 It is an accident of construction that B’CE is also an equilateral triangle in this 
drawing. ‘That is not a general case. 
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planes. The angle we shall call #, and the distance between the planes, d. 
If now we can express the length represented by C’E in terms of 6 and d 
we shall have gotten down to fundamental causes and we shall have elimi- 
nated the necessity for reference to any specific diagram. 

Fortunately there is in trigonometry a very useful series of relationships 
between the angles and sides of a right triangle. Since the triangle CEC’ 
isa right triangle we can properly select one of these relationships to express 
the length of C’E asa function’ of @andd. (See Figure8.) The particular 
function which we shall select is called the “‘sine,’’ and we write it sin @. 

Expressing what we have just said 
mathematically: ce. nz 
ce = tan 9 


za z secant O 


sin 0 (2) 


Again referring to Figure 6, we see 
that CE is equal to 2d, so we may write: 


C'E 


So a 2a) - 
og = Sin 0 (2a) 


C’E = 2d sin 0 (3) 


Substituting this value in equation ‘ eee tay 
(1), we obtain+the usual statement of . 
ave te ee ters FIGURE 8.— ILLUSTRATING THE 
the physicist that “‘reflection’’ will be Wumerecent-net st: heumea a 


observed when: 
n\ = 2d sin @ (4)° 


So we see that, after all, there is nothing mysterious or difficult to under- 
stand about this terrible-looking formula. ‘‘Elephant’’ is just as easy to 
spell as ‘‘cat’’ when one knows how it’s done. 


Summary 


Figures 9A and 9B are intended to sum up and emphasize the essential 
points which we have just considered. In Figure 9A we note that 2d sin 0 
is equal to \; hence n is 1, a whole number, and “‘reflection’’ is observed. 
This is what is known as a “‘first-order reflection; if » had been 2, we 
should have had a “‘second-order reflection.’’ In short, the ‘‘order’’ of any 
“reflection” is determined by the value of m. (It is an accident of construc- 
tion that the diagonal distance between planes as measured along the 
paths of the incident X-rays, happens to be a whole-number multiple of \ 

5 When we say that one quantity is a “function” of another we mean that the 


magnitude of the one in some way depends upon the magnitude of the other. 
6 This is known as Bragg’s Law. 
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in this diagram. That is not an essential to “reflection.”) In Figure 
9B 2d sin @ is equal to 3/2 \; hence m is 3/2, which is not a whole number. 
Consequently the refracted rays nullify each other and no “reflection’”’ is 
observed. 


Calculating a Crystal Dimension 


We now have a formula which describes X-ray ‘‘reflection” from crystal 
planes briefly and exactly, but, as a practical working tool, it is still lack- 
ing. It contains too many unknowns. We can measure and control the 


angle @ and we might manage to select satisfactory values for n, but \ 
and d remain unknown. 
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FicuRE 9A.—‘‘REFLECTED’? WAVETRAINS IN PHASE. 


Tus IS AN EXAMPLE OF ‘“‘FIRST-ORDER REFLECTION” 











QdsnO2% ~~ 
n= % . 


FicurE 9B.—‘ REFLECTED’? WAVETRAINS OPPOSITE 
IN PHasE. No EMERGENT ‘“‘REFLECTION” 


rod which we can use in calculating other values. 


If we are to use this for- 
mula to calculate values 
for either from  experi- 
mental data, we must find 
some independent means 
of evaluating the other. 
There is more than one 
possible line of approach 
to the solution of this 
problem, but the one which 
occurs to us most readily 
is one which the early in- 
vestigators actually used. 
It is entirely possible as 
we shall see later, to de- 
termine the structure of a 
crystal without knowing 
its internal dimensions. 
Let us select a crystal of 
known structure and cal- 
culate a value of d for that 
crystal. We shall then 
have a sort of measuring 
Knowing d for this par- 


ticular crystal we can calculate \ for a beam of monochromatic X-rays from 


a given source. 


Then, knowing \ for these particular X-rays we can apply 


them to some other crystal and determine d for that crystal. 


“Sizing Up” the Unit Cube 


For our original reference crystal we might select sodium chloride. 
We have excellent reason to suppose that the conformation diagrammed i1 
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igure 10 represents what is known as the “‘unzt cube’? of NaCl. Now 
t makes no difference whether we say that the black spheres represent 
chlorine atoms (or ions, rather) and the white spheres sodium ions, or vice 
versa. For convenience in the computation we are about to make, let us 
say that the black spheres are chlorine ions. 

We note that there is a chlorine ion at each of the eight corners of the 
unit cube, but in reality only one-eighth of each of these ions actually be- 
longs to the unit cube pictured here. For if this unit cube be considered 
as a small volume marked off from the interior of a crystal lattice, we see 
that each corner ion must be shared by eight like unit cubes. The eight 
corners of the unit cube therefore contain the equivalent of one chlorine 
ion. ‘There is also a chlorine ion at the center of each of the six faces of 
the unit cube, and half of each of these chlorine ions actually belongs to 
the unit cube. The cube as a whole, then, contains the equivalent of four 
chlorine ions. The reader can easily compute that it contains the equiva- 
lent of a like number of sodium ions. The unit cube must, therefore, have a 
mass equivalent to that of four molecules 


of NaCl. : A 
we 








Plain Arithmetic Suffices for This Cal- 
culation 











Now we knew that one gram-molecu- 
lar mass of NaCl weighs 22.997 + 
35.458 = 58.455 grams. We also know 
that a gram-molecular mass of any sub- 
stance contains approximately 6.06 X 
103 molecules. Hence one unit cube 
of NaCl has a mass, m, of: 



































Ficureé 10.—TuHE Unit CuBE OF 
Rock-SALt (NACL) 


58.455 


Tee ee Gt —23 
6.06 X 1078 38.58 X 10 grams 


4X 


We also know that the density of NaCl is 2.163 within the limits of experi- 
mental error. Now density, p, is equal to mass divided by volume, 


7 The ‘unit cube’ is not necessarily the smallest cube that can be traced by the 
lattice; it is the smallest cube which will build up the entire crystal grouping when re- 
peated indefinitely by simple translations along the axes of codrdinates. This is one 
possible form of the “‘anzt cell,’”’ which is defined as the smallest volume that will build 
up the entire grouping by repeated translations along the codérdinate axes. The “unit 
cell” can often be drawn in more than one way, hence its shape is an arbitrary matter. 
in the case of NaCl the ‘‘unit cell’? need not be a cube; one way of representing it is in- 

icated by the dotted lines in Figure 10. Therefore, while the crystals of NaCl are 
cubic, the crystal lattice is not a simple cubic lattice; it is what the X-ray analyst calls 
“face-centered cubic.” 
8 This is Avogadro’s number as determined by Millikan. 
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m 
a 
Vv 
and in our diagram 
v = a*ce. 
Therefore, we may write: 
38.58 10-** 
2m « SSS 
a 
2.1638a? = 38.58 X 10728 
a = 5.628 X 107 centimeters 


For convenience in recording such small lengths we use the Angstrom unit 
which is equal to 10~* centimeters. The length of the edge of a unit cube of 
NaCl is therefore (about) 5.628 Angstroms and the distance between ionic 
planes parallel to the cube faces is (about) 2.814 Angstroms. 

We now have an equation in which we can supply enough known values 
to enable us to calibrate monochromatic X-rays from a given source.’ 


General Experimental Methods of Crystal Analysis 


It is evident that any aggregation of regularly spaced points like a crystal 
lattice comprises an enormous number of sets of parallel planes. In Figure 
11 a few of the series of parallel planes which may be described perpendicu- 
lar to one cubic face of a rock-salt crystal are indicated. 

We can readily see, however, that a beam of X-rays of a given wave-length 
directed against a crystal face at a given angle might be “‘reflected’”’ by only 
a very few of these sets of parallel planes.'!° It would occur to us, therefore, 
that in order to get a fuller and more representative series of ‘‘reflections’’ 
we might vary either the wave-length of the incident X-rays or the angle at 
which they meet the crystal face. In practice both principles are employed. 

There is no X-ray apparatus from which we can obtain a wide range of 
individual wave-lengths which we may vary at will from one to another. 
But we can do what amounts to the same thing by using “‘white” X-ray 
radiation on the assumption that there will be a wide enough range of 
wave-lengths present to furnish some rays which can be “reflected” by 
nearly every set of parallel planes in the exposed crystal.'! 

This is the Laue method. ‘The crystal is placed in a fixed position an‘ 
the incident beams are allowed to shine through it, usually along a line 
parallel to one of the crystal axes. As a rule several exposures are made, 
each along a line parallel to a different axis. 


® In practice it is found that NaCl crystals are usually too imperfect to be entire! 
satisfactory for this purpose. Calcite is generally considered the primary standard, but 
the principle is the same. 

0 Because under these specified conditions only a few sets of planes might be able t» 
fulfil the requirements laid down by the formula 2X = 2d sin 0. 

'! Tn this case the beam of incident light is “heterogeneous (composed of many wav‘ 
lengths), but the individual “‘reflected’”’ beams are ‘“homogeneous”’ (monochromatic). 
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FIGURE 11.—-INDICATING A FEW OF THE SETS OF PARALLEL IONIC PLANES 
PERPENDICULAR TO ONE CuBIC FACE OF A RoCK-SALT CRYSTAL 


There are two methods which employ ‘‘homogeneous’”’ incident rays and 
vary the angle @. The first of these is the Bragg method. In this method, 
as in the Laue method, individual crystals of fair size are used. A crystal 
is mounted in such manner that it can be rotated by means of a screw 
mechanism. 

The third method is the so-called powder method and it can be considered 
as the direct reverse in principle of the Laue method. Here the beam of 
incident light is homogeneous, but the arrangement of the crystal planes is 
heterogeneous. ‘This is accomplished by using finely powdered crystals, 
the idea being that in a small volume of finely powdered crystal material, 
there will always be some planes oriented at the angle necessary to furnish 

reflection.”’ 

Each of these methods has special advantages and they can often be 
used to supplement each other. In another article we shall discuss them 
in more detail. 
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Duralumin in Aeronautical Engineering. Duralumin was much in evidence at 
Olympia during the International Aeronautical Exhibition and tended somewhat to 
overshadow the other metals, heavy and light, that enter into the structure of modern 
airplanes and seaplanes, as well as into that of the engines themselves. Duralumin has 
this in its favor, that with strength it combines lightness and a reasonable resistance to 
corrosion, three essential properties it is not easy to attain simultaneously in any other 
metal. The corrosion resistance is, however, considerably affected by the nature of 
the treatment to which the material has been subjected. A valuable article on the 
subject of duralumin generally has appeared in a recent number of the French journal, 
Aciers Spéciaux, Métaux et Alliages. ‘The author, R. Cazaud, points out that the ten- 
sile strength of duralumin is fairly well maintained at reasonable temperatures, falling 
off by 10 per cent at 100°C. and by 20 per cent at 150°. At 300°C., however, the loss 
of strength is 60 per cent. It corrodes swiftly at such temperatures. Cazaud repeats 
the opinion that, from the point of view of corrosion by sea water, duralumin does not 
behave as well as pure aluminum, but the behavior of varieties containing manganes« 
is superior to duralumins which do not contain that constituent. Zinc accentuates 
corrosion, and Cazaud considers that copper has the same effect.— Chem. Age 

Insulin. Investigations on insulin, carried out by Drs. E. Glaser and G. Haplen in 
Vienna, have shown that insulin consists of substances which occur where sugar is de 
graded—in yeast protein, in the pancreas, in cancerous tissue, etc. They are of the 
opinion that they have shown that insulin is a compound of guanidine and amino acids 
In various plants, substances were found which behaved like insulin, e. g., in turnips 
Moreover, ferments possessing the ability to lower the sugar content of the blood wer: 
isolated from sheep’s liver and horseradish. Of greatest significance is the discover) 
of the investigators that the action of insulin may be heightened by certain stomac! 
enzymes, by certain substances obtainable from bone marrow, and—best of all—by 
expressed yeast juice boiled for eight hours. From the above results it is assumed 
that insulin, at first inactive, needs co-ferments to produce its specific action; that is 
it becomes active only on meeting other substances.— Chem. Age 





CARBON DIOXIDE. I. ITS RELATION TO LIFE 


EvTon L. QuiInN, UNIVERSITY OF UTAH, SALT LAKE City, UTAH 


The atmosphere, this all-important gaseous envelope surrounding the 
earth, is a mixture of gases, each individual constituent of which is playing 
its own part in the mysterious phenomenon called life. The rdles taken by 
nitrogen, oxygen, and carbon dioxide are pretty well known, but why the 
presence of the other gases is a question which we are unable to answer from 
our present knowledge on the subject. If we look at the atmosphere from 
a quantitative point of view, we may be seriously misled as to the relative 
importance of its several constituents. If we could look at a molecule of 
carbon dioxide in a portion of ordinary dry air we might be rather surprised 
to find this one lone particle surrounded by 2600 nitrogen molecules, 700 
oxygen molecules, and about 30 other molecules of various kinds. We 
might be justified in reasoning that if this is the way nature saw fit to make 
up the atmosphere, then carbon dioxide must be of relatively small im- 
portance and was perhaps after all just thrown in to fill up the measure. 
It is the object of this paper to show that this is not the case and that the 
one lone carbon dioxide molecule means as much to us and our chances of 
continuing the life process as the 700 oxygen molecules or the 2600 nitrogen 
molecules. 

Many caréful analyses of the atmosphere have shown that the carbon 
dioxide content is about 0.03 per cent by volume. Of course, as one would 
expect, this value varies to some extent on account of local conditions on 
certain parts of the earth, but in normal country air the variation is sur- 
prisingly slight. In spite of its low concentration the total amount in the 
earth’s atmosphere is very large. It has been estimated that the total 
weight of gaseous carbon dioxide surrounding this planet amounts to about 
2.2 X 10" tons and that the sea contains about 30 times as much or 6.6 X 
10 tons. The amount tied up in the earth as a constituent of rocks is 
undeterminable, likewise we know practically nothing about that existing 
in the earth as a free gas, yet the amount of material involved in both cases 
must be gigantic. Whether free or combined, in the earth, sea, or atmos- 
phere, it all does its part in promoting the vital processes on the earth and 
the changes from one condition or location to another involve some of the 
most interesting and intricate chemical reactions. It is with these reac- 
tions that we will first concern ourselves. 

It is well known that gases stay in solution on account of the partial pres- 
sure of the gas above the solution. It therefore follows that dissolved 
carbon dioxide in the surface water of the earth is dependent on that in 
the atmosphere, and that in the atmosphere must be related to that in the 
water. Whether equilibrium is ever attained between the gas in the two 
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conditions is a question hard to answer but whether it is or not, makes no 
real difference; we know that there is a tendency toward this state and if 
it is never reached it is because of rapidly changing conditions, especially in 
the sea. The sea, however, and to a lesser extent other bodies of water, is 
not a simple reservoir containing pure water; it is alive with plants and 
animals whose very existence depends upon either the ‘utilization or the 
elimination of carbon dioxide. The animals of the sea increase the carbon 
dioxide tension in the water because this gas is an end-product of animal 
metabolism; the plants, on the other hand, tend to decrease this tension by 
using the carbon dioxide in the process of photosynthesis. The result is 
that the plant built up by this process now serves as food for the fish and 
the carbon dioxide is again liberated by the fish to enter the cycle once 
more. On land we find the same processes going on except that the at- 
mosphere is the reservoir from which the carbon dioxide is taken and to 
which it is returned. It is evident that between the carbon dioxide in the 
sea and in the atmosphere and the living things in the sea and on the land 
there exists a most interesting series of exchange equilibria, involving 
chemical reactions taking place on an enormous scale, and requiring in 
many cases great periods of time. 

Considering now the carbon dioxide in the atmosphere and bearing in 


mind the part played by the sea in keeping this constant, we may inquire 
more carefully into the factors which tend to add this compound to the 
air and those which tend to remove it. 


Factors Increasing the Carbon Dioxide in the Atmosphere 


Volcanic Gases.—From numerous eruptive vents and active volcanoes 
scattered pretty well over the whole earth, gases are pouring forth, and 
have been pouring forth into our atmosphere since the beginning of time. 
Carbon dioxide cccurs in practically all of these gases in quantities which 
vary from low concentrations to practically pure carbon dioxide. The 
origin of this compound is nearly as variable as its concentrations in these 
gases. All igneous rocks contain gases which they give up when strongly 
heated. Many careful analyses have shown that the principal constitu- 
ents of these gases are water, carbon dioxide, and hydrogen; the hydrogen 
and carbon dioxide existing in approximately equal volumes. Carbonates 
of calcium and magnesium when subjected to volcanic intrusion give off 
carbon dioxide because of the ease with which they are dissociated by heat. 
Bituminous shales, when heated, give off the products of dry distillation 
and in the gases from such a reaction carbon dioxide is always present. 
Also, we have what are known as secondary fumaroles, which give off 
gases produced by the surface water acting on the hot detritus. The water 
is vaporized by the heat and the steam reacts chemically with the hot de- 
tritus, forming various quantities of volcanic gas. ‘Table 1, taken from the 
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extensive data of Allen! gives the analysis of some of the typical volcanic 
gases. 
TABLE I 
HOWING THE PER CENT BY VOLUME OF CARBON DIOXIDE, NITROGEN, AND OXYGEN 
IN VARIOUS VOLCANIC GASES 
Carbon 
Source Date dioxide Nitrogen Oxygen 

Hawaii, the crater 1912 62.3 13.8 0.0 
Vesuvius, Edge of great crater 1865 4, 75.6 19.6 
Phlegrean Fields, Torre del Greco, Flow of 1694 1869 90. £ 6.2 0.08 
Kitna, Crater B, fumarole 1865 5. 77.28 17.27 
Sicily, Salinelle of Paterno Acqua Rossa 1856 97.§ 2.1 , 
Lipari Isles, Vuleano. Near the Chem. Works 1856 86. 14.0 
Santorin, Port of George 1870 98. 1.8 
West Indies, Guadeloupe Fumarole of the North 1904 62. 36.07 
Colombia, S. America, Puracé Solfatara 1868 98.5 Ee 
Iceland, Krisuvik, 2d. fumarole 1846 88.24 0.69 
Katami, Ten Thousand Smokes, Nova Rupta 

Basin 1919 70.4 12.8 
Canary Islands, Pico de Teyde, South fumarole 1907 yi 26.9 


When M. Boussingault explored the craters at the equator, near Tungura- 
villa which is not far from the volcano of Tunguragua, he was shown a 
locality where no animals could remain alive on account of volcanic gases 
containing very high concentrations of carbon dioxide, which escaped from 
the ground. He describes in this manner his visit of 1851: ‘‘Our horses 
soon gave us indications that we were approaching it; they refused to obey 
the spur, and threw up their heads in a most disagreeable fashion. The 
ground was strewn with dead birds, among which was a magnificent black- 
cock, that our guides at once picked up. Among the victims were also 
several reptiles and a multitude of butterflies. The sport was good, and 
the game did not seem too high. An old Indian, Quichua, who accompan- 
ied us, declared that, to procure a good sleep, there was nothing like making 
one’s bed upon the Tunguravilla.”’ 

Near Naples is found a cave which has become famous under the name 
Grotta del Cane (the cave of the dog) from which a gas issues containing 
about 70% carbon dioxide, 24% nitrogen, and 6% oxygen. Flammarion? 
thus describes this interesting cave: ‘“The keeper has a dog whose legs he 
ties together, to prevent his running away; he then places him in the middle 
of the grotto. The animal displays evident fear, struggles to escape, and 
soon appears to be dying. His master then takes him out into the open 
air, where he gradually recovers himself. One of these dogs has been 
used for this purpose more than three years. 

“This grotto is situated upon the slope of a very fertile hill, opposite, 

1 Allen, J. Frank. Inst., 193, 32 (1922). 
2 Flammarion, ‘“The Atmosphere,’’ Harper and Brothers, New York, 1873. 
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and not far from Lake Agnano. ‘The entrance is closed by a gate of which 
the keeper retains the key. The ground in this cavern is very earthy, 
damp, black, and at times heated. It is, as it were, steeped in a whitish 
mist, in which can be distinguished small bubbles. This mist is composed 
of carbonic acid gas, which is colored by a small quantity of aqueous vapor. 
The stratum of gas is from ten to twenty-five inches high. It represents, 
therefore, an inclined plane, the highest part of which corresponds to the 
deepest portion of the grotto, and this is a physical consequence of the 
formation of the ground. ‘The grotto, being about the same level as the 
opening leading into it, the gas finds its way out at the door, and flows 
like a rivulet along the hill-path. The stream may be traced for a long 
distance, and a candle dipped into it at a distance of more than six feet 
from the grotto is extinguished at once. A dog dies in the grotto in three 
minutes, a cat in four, a rabbit in seventy-five seconds. A man could 
not live more than ten minutes if he were to lie down upon this fatal ground. 
It is said that the Emperor Tiberius had two slaves chained up there, and 
that they perished at once; and that Peter of Toledo, Viceroy of Naples, 
shut up in the grotto two men condemned to death, whose end was as rapid.” 

The Valley of Death in Java is an old volcanic crater with fissures from 
which escape large quantities of carbon dioxide. At times this gas covers 
the floor of the valley like water and the unwary animal venturing into 
it increases the number of white skeletons (many of which are said to be 
human) which are scattered over the ground. 

The Stygian Caves in Yellowstone National Park are interesting in that 
bears can hibernate in them during the winter but the presence of carbon 
dioxide in the caves is fatal to animals during normal active life. A few 
other caves also of the same origin, that is, fissures of ancient hot springs, 
have low concentrations of this gas which make them dangerous. 

A well-known chemist of this country while climbing Mount Rainicr 
a few years ago lay down on a rock to drink from a small stream emerging 
from the side of the mountain. He suddenly had a sensation as if some 
one had grasped him by the throat. He awoke to find himself in a cabin 
where he had been carried by anxious friends after he had become uncon- 
scious and rolled down a steep ledge. Carbon dioxide had filled the littic 
cavity from which he attempted to drink. 

In former times the accidents caused by this gas in caves, mines, aud 
even in wells, gave rise to the most extravagant stories. Such localitics 
were said to be haunted by demons, gnomes, or genii, the guardians «f 
subterranean treasures, whose glance alone caused death, as no trace «f 
lesion or bruise was to be found on the unfortunate persons so suddenly 
struck down. ‘There is some reason for believing that the convulsions of 
the pythonesses charged with expounding the decrees of the gods were prv- 
duced by the priests with carbon dioxide gas. 
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THE Mup VoLCcANO, YELLOWSTONE PARK 
This formation is due to gas and steam bubbling up through a heavy mud. Gas 
collected from a small vent a short distance from this location contained 96.5 per cent 
carbon dioxide. 





Carbonated Spri. zs.—While volcanic action may account for a large 
part of the carbon dioxide discharged into the atmosphere, there are other 
reactions which will also liberate this gas from combination in rocks. It 
is well known that pyrites is easily oxidized to sulfuric acid by the oxygen 
of the air. This acid reacts with the carbonates in the earth, liberating 
carbon dioxide and forming sulfates. Also it is believed that in the deeper 
zones of the earth, where high pressure and heat prevail, carbonates react 
with silicates, thus liberating the carbon dioxide which had become locked 
up in the formation of the carbonate. ‘To this action some of the carbon 
dioxide of deep-seated thermal springs is assigned. Carbon dioxide in 
some cases can be traced to organic matter which is slowly undergoing 
oxidation in the earth. No matter what the source may be, its great solu- 
bility in water, especially when under pressure, makes the formation of 
water solutions inevitable. Such solutions heavily charged with this gas 
escape in numerous places all over the earth. The acid condition of such 
water causes it to readily dissolve many substances such as compounds of 
sodium, calcium, magnesium, and many others, resulting in what are called 
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Copyright J. E. Haynes, St. Paul 
THE DrRAGON’sS MoutH, YELLOWSTONE PARK 


Gas containing 24 per cent carbon dioxide together with steam escapes intermittently 
from a small opening in the back, each spurt carrying with it large quantities of hot water 
which are thrown toward the front. 


mineral springs. Waters containing the bicarbonate of sodium are known 
as carbonated alkaline or acidulous alkaline. Such are the famous German 
mineral springs at Altwasser, Pyrmont, Reinerz, Salzbrunn, and Seltzer, and 
some in the United States, namely, the Navajo and Ute Springs, Manitou, 
Colorado; the Napa Soda Springs, California, and the Hot Springs in Vir- 
ginia. ‘The numerous boiling springs found in Yellowstone National Park 
give off large amounts of gaseous carbon dioxide to the atmosphere; the 
gases causing the boiling consist of steam mixed with various amounts 0! 
carbon dioxide. One rather interesting formation, the Dragon’s Mouth 
was investigated by the author who found the vapors, responsible for th« 
spewing of hot water from a small cave, to include besides steam a gas con 
taining 24 per cent of carbon dioxide. The gas from this region is of un 
doubted volcanic origin and the high temperature of the waters prevent: 
any apparent saturation such as is nearly always observed in waters of 2 
lower temperature. 

Gas Wells.— While there is no real distinction between the gas source: 
in which the gas is accompanied with water and those where it is practicall} 
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dry, the former are often spoken of as springs, while the latter are called 
wells. Many of these sources of both types often produce such large quan- 
tities of carbon dioxide that the commercial utilization becomes possible. 
Many of the mineral springs mentioned above are of this character and 
produce carbon dioxide of a very high degree of purity. Germany is 
especially well supplied with such gas wells and in consequence has for 
years been one of the leaders in this industry. In 1895 C. G. Rommen- 
hdller established a carbon dioxide works in Herste near Driburg in West- 
falen. This was the largest plant built up to that time. The giant 
sprudel poured forth carbon dioxide at a rate of over a ton each hour,’ enough 
to supply half of Germany with chemically pure gas. On calm days 
this giant fountain sent its white froth nearly 200 feet high from which 
height it fell down in a fine glistening spray. Stones of the size of the fist, 
when thrown into the stream of the sprudel, were hurled by the force of 
the stream, high into the air, with a whistling sound similar to that of a 
meteor falling to the earth. This well was controlled only with the great- 
est difficulty. 

In the United States the quantity and quality of the gas obtained from the 
wells at Saratoga Springs in New York and at Manitou, Colorado, is sufficient 
to warrant its commercial utilization. A well drilled in Utah a short time 
ago was said to give a gas with over 97 per cent carbon dioxide which rushed 
from the well under a pressure of more than 1000 pounds per square inch. 

Many of these wells are, and have been, active since the beginning of 
history and it is quite evident that they must be supplied with gas from a 
large reservoir, as it is difficult to think of any chemical reaction capable of 
producing carbon dioxide at such a rate. Now carbon dioxide, when placed 
under a pressure as high as that reported for many wells, will liquefy at 
ordinary temperatures. It is therefore not unreasonable to suppose that 
large reservoirs of this liquefied compound may exist in the earth. This 
idea is a little more credible because of the fact that some wells throw out 
large pieces of ice with the expanding gas, which would be expected if 
liquid carbon dioxide were suddenly expanded in the presence of water. 
Liquid carbon dioxide has been found many times in small rock cavities, 
showing that it is possible for it to exist in this state in the earth. 

Combustion.—The amount of carbon dioxide added to the atmosphere 
from the rapid oxidation of combustible matter is very large. In this case 
we have a much better chance of estimating the amount produced than 
was possible from the sources just mentioned. The annual coal consump- 
tion in 1920 was estimated by Sievers to be about 1.5 billion tons. The 

‘arbon dioxide produced from this huge amount of fuel was about 3.7 X 
10° tons which was about 0.16 per cent of the carbon dioxide already exist- 
ing in the atmosphere. If the factors which reduce the carbon dioxide 


3 Wender, ‘Die Kohlensaure-Industrie.”’ 
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content of the atmosphere should cease to operate and this gas were added 
to the atmosphere at the above rate it would require about 650 years to 
double the present concentration. The carbon dioxide produced from 
burning wood, especially that produced by forest fires, should also be added 
to the above estimate. At present, we have no data from which such an 
estimate can be made, but the amount added to the atmosphere in this 
way must be very large. 

Respiration.—During the life processes of animals and to a much 
smaller extent of plants, carbon dioxide is given off as an end-product of 
metabolism. The amount of this gas added by all of the animals on the 
earth is difficult to estimate, but in the case of human beings, we can arrive | 
at a figure which, perhaps, is not far from the true value. The carbon 
dioxide expired by man varies a great deal, not only between individuals, 
but by the same person, depending upon the season, time of day, degree of 
physical activity, and many other factors. For making calculations, the 
average daily amount is usually taken as 900 grams per person. On a 
basis of a population of 1750 million human beings on the earth, this would 
add about 629 million tons of carbon dioxide to the atmosphere each year 
or approximately the amount which would be produced by burning 230 
million tons of coal. 

The Slow Oxidation of Organic Material.—The decay of organic 
matter is for the most part a chemical reaction promoted by microérgan 
isms, carbon dioxide being one of the products of this action. ‘The quantity 
of carbon dioxide liberated to the atmosphere in this manner is hard to esti- 
mate, but it must be very large. A very large part of the carbon dioxide 
produced by decay comes from fallen leaves, but many other carbonaceous 
substances add to the supply. There seems to be but little doubt that a 
large part of the fertilization value of manure comes from the carbon dioxide 
produced by its decomposition. It has been determined many times that 
the atmosphere close to a well-fertilized soil had a much higher carbon diox 
ide content than normal air. 

Carbon Dioxide from Meteorites.—The carbonaceous meteorites 
one of the three classes into which meteorites are divided, may be anothe: 
source of carbon dioxide. Clark believes that the majority of the shooting 
stars represent the combustion of meteorites of this kind in the upper region 
of the atmosphere. Few of these meteorites ever reach the earth. Whil: 
this is an interesting source of carbon dioxide, it probably plays no very im 
portant part in the supply of this gas on the earth. It is evident that ex 
perimental verification of this would be very difficult, if not impossible. 


Factors Removing Carbon Dioxide from the Atmosphere 


Photosynthesis.—This is essentially a reducing action in which th« 
oxide of carbon is reduced to carbohydrates with the liberation of oxyge! 
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ind the absorption of energy obtained from the rays of the sun. This reac- 
tion takes place primarily in the green coloring material in the leaves of 
erowing plants and the tree may, therefore, be regarded as a nature-made 
photochemical absorption apparatus working on extremely dilute gases. 
In submerged aquatic plants the carbon dioxide dissolved in the water 
reaches the interior of the plant by diffusion through the outer walls of 
the epidermal cells. The higher land plants have special, differentiated or- 
gans called the stomata, through which the gaseous carbon dioxide passes 
to the chlorophyll-bearing cells. The stomata are minute, mouth-like 
openings in the surface of the leaf, usually situated on the under surface. 
The number of openings in a single leaf runs to enormous numbers, a 
medium sunflower leaf containing about 13 million stomata. Some idea 
of the functioning of these small openings during this gas transfer can be 
gained from the calculation of Noll who finds that a tree weighing 5000 
kilograms must have removed the carbon dioxide from about 12 million 
cubic meters of air. 

The rate of photosynthesis has been found to be approximately pro- 
portional, within certain limits, to the carbon dioxide content of the at- 
mosphere, other factors remaining constant. It therefore follows that an 
increase in the carbon dioxide concentration of the atmosphere would re- 
sult in an increased growth of plants. This idea has stimulated many 
workers in an attempt to fertilize growing plants with carbon dioxide in 
order to obtained an increased growth. In most cases a decided increase 
in growth has been obtained by this treatment. Fischer‘ increased the 
carbon dioxide concentration in the atmosphere, over a certain area under 
cultivation, with gases from a blast furnace which had been purified from 
sulfur dioxide, dust, and carbon monoxide. He found that plants treated 
with increased amounts of carbon dioxide grew faster (not longer) and 
stronger, bloomed earlier and more profusely (some with livelier colors), 
bore more fruit and in some cases resisted the attack of insects better. The 
increased production of potatoes was especially high. Many other 
investigators have experimented along this line but not all with the same 
propitious results. In some cases the carbon dioxide has been obtained 
from blast furnace and other industrial sources while in others the pure gas 
has been used from commercial cylinders of the liquid. The whole prob- 
lem is now receiving attention from the Boyce Thompson Institute for Plant 
Research, and many of the factors connected with photosynthesis and the 
rate of carbon dioxide consumption are being very carefully worked out. 
At the present time, it may be said that no very important commercial 
application of this knowledge has been made, yet it is difficult to look at 
the facts without a feeling that there is a solution of our future food prob- 
lem. 

4 Fischer, Z. angew. Chem., 33, 197-8 (1920). 
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Courtesy Boyce Thompson Institute for Plant Research, Inc. 


SHOWING THE EFFECT OF AN INCREASE IN THE CARBON DIOXIDE CONCENTRATION OF THE 
AIR ON EGG PLANTS 


1—Plant treated with sunlight 12 hours, plus 6 hours of artificial light. 2—Plant 
treated with light the same as 1 but in an atmosphere containing 0.3 per cent of carbon 
dioxide (10 times the ordinary concentration of the atmosphere). 3—Control plant 
growing in ordinary greenhouse at the same temperature and for the same length of time. 
Plants were grown during the period of February 28th to May 5th. 


Arrhenius has made the very comforting and optimistic prediction that 
as we burn more and more of our available coal supply we will increase 
the carbon dioxide content of the atmosphere, the consequence of which will 
be to increase the growth of our timber. With this increase in the supply 
of wood and with the aid of hydroelectrical installations, the problem of 
heat, power, and metallurgical demands will be postponed to the distant 
future. In order to hasten this condition, Nernst has suggested that the 
coal deposits of the polar regions, which are inaccessible for mining pur- 
poses, be ignited and kept burning by means of shafts. 

The Weathering of Rocks.—The igneous rocks, which are largely 
silicates, are disintegrated by the action of carbon dioxide in the air and 
water, which converts them into carbonates. Most of the original supplies 
of calcium and magnesium carbonates have been formed in this way. 
‘These carbonates have been dissolved and reprecipitated again and again 
by the action of carbonic acid, the concentration of which depends upon 
the concentration of the gaseous carbon dioxide in the atmosphere above 
the solution. The potassium and sodium in the silicates also form carbon- 
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ates but usually react with other substances, appearing as sulfates and 
chlorides. 

The reaction between carbonic acid and igneous rocks is usually ac- 
companied by oxidation and hydration. These processes decompose the 
relatively unstable silicates into simpler and more stable silicates, carbon- 
ates and oxides. This may be illustrated by the equation given by Cham- 
berlin and Salisbury’ for the action of carbonic acid on labradorite, a 
typical rock-forming mineral. 

The composition of labradorite is represented by the formula: 

{ Ca0-Al/Or25I0, 
Na,0-Al,03-6Si02 
Assuming the two molecules represented by this formula to be equally 
abundant, and allowing the whole to be acted upon by the water and 
carbon dioxide, we have 
CaO-Na,02-Al,03:8Si02 + 4H20 + 2CO, —> 
2(Al,03-2SiO2-2H2O) + 4SiO2. + CaCO; + Na:CO; 


The hydrated silicate produced is kaolin. 
From this equation it is seen that the carbonization of silicates takes place 
at the expense of the carbon dioxide in the air and water and the atmosphere 


is depleted of carbon dioxide in proportion as the igneous rocks are changed 
into carbonates. ‘The extent of this reaction as well as the reverse reaction, 
spoken of as decarbonation, concerns us greatly as this seems to be the way 
nature has of locking up the supply of carbon dioxide in the earth. 


Other Effects of Carbon Dioxide 


Carbon Dioxide and Climate.—There seems to be but little doubt 
that the carbon dioxide concentration of the atmosphere was largely, if not 
entirely, responsible for the luxuriant growth of vegetation during the car- 
boniferous and cretaceous ages. Our coal deposits are, therefore, composed 
of carbon which, at one time, constituted part of the gaseous envelope of 
the earth. Attempts have been made to assign greater importance to its 
presence in the atmosphere than the part it played in photosynthesis of 
that period. One theory is that, due to the fact that carbon dioxide is 
more absorptive of terrestrial radiation than it is of solar energy, it and the 
water vapor, acted as a blanket which prevented the radiation of heat 
from the earth and thus had the general effect of increasing the temperature 
of the earth. The influence of the vapor of water is vividly shown in the 
different degrees to which cooling takes place at night in dry and in moist 
atmospheres. Ice is said to form at night in desert regions where the air 
is extremely dry, even within the tropics, while other regions similarly 
located but having a higher humidity have oppressively hot nights. 

5 Chamberlin and Salisbury, “‘Geology,’’ Henry Holt and Co., New York, 1909. 
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While the influence of carbon dioxide on radiation cannot be thus easily 
demonstrated, it can be shown experimentally to have the same effect. 
While this theory is not universally accepted, it is a reasonable explanation 
of the very excellent conditions for growth of plants, which must have 
existed during this period. 

The Physiological Action of Carbon Dioxide.—The reactions in which 
carbon dioxide are involved in the animal body are perhaps rather complex 
for discussion in a paper of this kind, yet there are some general phases of 
the subject which are worth considering here. As has already been men- 
tioned, carbon dioxide is an end-product of metabolism. Also carbon 
dioxide is an end-product of the combustion of ordinary fuels. Now if 
one desires information regarding combustion, he usually resorts to an 
analysis of the flue gases and from this analysis he can calculate the ef- 
ficiency of the combustion, its rate, the composition of the fuel, the amount 
of heat produced, and other things as well. In like manner, to determine 
whether the animal body is functioning properly, advantage may be taken 
of the analysis of the expired air which in many cases not only indicates the 
presence of trouble, but also indicates its location. In this case, the rate 
of carbon dioxide production plays a more important part than the actual 
concentration of the gas in the expired air. 

It has been pretty well proved® that carbon dioxide in the lungs is re- 
sponsible for stimulating the respiratory center in the process of breathing. 
As carbon dioxide is given up by the blood in the alveoli, its concentration 
in the alveolar air is thus increased, which in turn acts on the breathing 
mechanism resulting in deeper breathing and, on account of this, a better 
ventilation of the lungs. Therefore, the deep and rapid breathing which 
accompanies violent physical exercise is not due directly to the need of 
oxygen but rather to the need of eliminating the carbon dioxide from the 
lungs. On the other hand, the increase in the carbon dioxide production is 
a measure of work being done and is sometimes determined for this purpose. 

If the concentration of carbon dioxide in the inspired air is increased 
above the normal, it results immediately in an increased breathing rate. 
Use is made of this fact by administering carbon dioxide to patients suf 
fering from hiccoughs, also to increase the breathing rate after anesthesia 
and after carbon monoxide poisoning. Large concentrations (10% o1 
more), however, have a narcotic effect on the respiratory center and depres: 
respiration, resulting in death of the animal within a very short time unles 
it is removed to normal air. While carbon dioxide is not ordinarily consid 
ered poisonous, it has been responsible for many deaths and the ordinary 
procedure of testing the air in mines, wells, or any other inclosed space hav 
ing poor ventilation, with a lighted candle, has proved to be very wise it: 
numerous cases. 

® Haldane, ‘‘Respiration,’’ Yale University Press, 16, 1922. 





STANDING CONTEST FOR UNDERGRADUATE STUDENTS 


Continuing the custom adopted during the past scholastic year the 
chemistry Student will offer each month an award of ten dollars to the 
undergraduate student who contributes the best article during that 
period. All other contributions deemed worthy of publication will be 
awarded prizes of five dollars each. Each monthly contest period will 
begin on the sixteenth of the calendar month and close the fifteenth of 
the following calendar month. 

Papers on any of the following subjects may be entered in the contest: 

A miniature chemical plant. 
A chemical play or entertainment. 
A chemical hobby or project. 
An unusual and successful chemistry club activity. 
. How we make the programs of our chemistry club interesting. 

Occasionally special awards may be made for exceptionally good papers 
which do not fall strictly within the scope of any of the subjects listed 
above. ‘The editors reserve the right to withhold awards in any month 
when no contributions suitable for publication are received. 


Directions for Contest 


1. Type or write legibly on one side of the paper only. 

2. If your*paper lends itself to illustration, illustrate it with drawings 
or photographs or both. (As concerns illustrations observe the ‘‘Notice 
to Authors of Papers” which appears at the foot of the table of contents 


in the front of TH1s JOURNAL.) 
3. Mark each sheet of your manuscript and each illustration with 


your name. 

4. Ona separate sheet of paper give your name, your class, the name 
and address of the institution at which you are a student, the name of the 
chemistry club or fraternity at your institution, and the name of the faculty 
adviser or most active faculty member of your chemistry club. 

5. Address contributions to: The Associate Editor, JouRNAL OF 
CHEMICAL EpucaTion, The Johns Hopkins University, Homewood, 
Baltimore, Md. 

Contributions will be judged on the basis of: 

1. Interest 

Originality 

Literary excellence 

Excellence of illustrations (if any) 
5. Neatness and legibility. 

Contributions which won awards in the contest closing November 15th 
will be published in a later issue. 
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CHEMISTRY SAVES THE DAY 


ANNE BATEMAN,* MissouLA County HiGH ScHooL, MissouLA, MONTANA 


TIME—Present. 

PLACE—The small shabby dining room of the Spriggins home. The table 
in the center of the room 1s set, waiting for the children to come in from 
school to luncheon, or dinner, as they call it. 

CHARACTERS—MaA SPRIGGINS. 

HARRY SPRIGGINS—A student in high school. 
Mary SPRIGGINS—AIso in high school. 
JOHNNIE SpRIGGINS—A small boy of about eleven. 
Lou Spriccins—A little girl perhaps nine years old. 
THe Basy—Offstage. 
THE FAMILY Doctor. 

(JOHNNIE and Lou rush in calling, ‘‘Ma! Ma!’’) 

JoHNNIE: “Oh! Look, Lou, we’re going to have gingerbread for dinner! 
Yum! Yum!” 

Lou: “I do wish Harry and Mary would hurry up and come home from 
their old high school!” 

(Mary and Harry enter calling, “Ma! Ma!’ Mrs. SPRIGGINS enters.) 

Ma: ‘Now, children, just you all set down and put a good dinner in your 
stummicks this cold day. Just set down an’ begin; I’ve got to go 
feed the baby. Land!’’ (Bustles out, and the children sit down around 
the table and begin eating.) 

JoHNNIE: “Well, Harry, what did you do in your old chemistry class 
today? Anything? I s’pose you made a lot of some old gas and 
smelled up the whole schoolhouse.”’ 

Harry: “I should say not, kid! Why, we made oxygen the way the most 
famous chemist in the world did—Lavoisier!”’ 

JouHNNIE: “O, bunk! I don’t see why you want to take a dumb old sub 
ject like chemistry for!’ 

Harry: ‘Well, I do.” (MA°SPRIGGINS enters quietly and takes her plac 
at the head of the table.) ‘Say, Ma, I took a bit of that flannel you 
wanted for the baby to the laboratory and tried it out. It was ove! 
half cotton just like you suspected.”’ 

JOHNNIE: “Gee! How could you tell that?” 

Harry: “Oh, I just warmed it up with_some sodium hydroxide like th 
book said, and it dissolved all the wool and left the cotton.” 

Ma: ‘Well, for lands’ sake! I’m sure glad your chemistry come to som: 
good for once. I'll take that sample right back.” 

Mary: “Well, it’s about time!’’ 


* Winner of five-dollar award in the student contest closing October 15, 1929. 
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(TARRY: “Oh, say, Mary! I tested some of that freckle cream you're 
planning to use before the Junior Prom, and if you use any of it you 
can kiss your schoolgirl complexion goodbye. It’s got mercury in it 
and if you want to take all the skin off your face, you just try it!” 

[OHNNIE: ‘‘Ah, you're bugs about your old chemistry!” 

HARRY: ‘Well, I may be bugs about it all right, but I did something for 
you today. Now we won't hear you hollerin’ like heck any more 
when Ma puts iodine on your cut finger. I got some mercurochrome 
because it’s just as good and doesn’t sting.”’ 

Mary: ‘Well, it may not sting, but it sure paints you red like an 
Indian. What if you had to put some on your nose?” 

Harry: ‘““That’s easy! Ask me another. Just use chlorazene. It looks 
like water.”’ 

Mary: “Huh! The way you talk anybody would think you couldn't 
even sit down or stand up without chemistry.”’ 

HARRY: “Well, you can’t, pretty near. Maybe you don’t know it, but 
you couldn't even bend your knees without a whole lot of chemistry 
going on inside of you. That chair you're sitting on is mostly chem- 
istry, and that brass bed you got out of the wrong side of this morning 
is too. Look at that bacon on the table! It would have spoiled long 
ago if it hadn’t been for chemistry. And that fried egg; it’s chemistry 
that made it look so good. ‘Think of the clothes on your. back and the 
paint on your mug! Why, it’s chemistry everywhere! The shoes 
you got on, the rug under them, chem—’’ (Stops for lack of breath.) 

JOHNNIE: ‘‘Gosh!” 

Mary: “Say, you think you’re smart don’t’’—(She ts interrupted by a 
baby's howls coming from offstage, which grow louder and louder.) 

Ma: (Shouting above the din.) ‘‘Mary, do go out and see what’s the matter 
with the baby.” (Mary hurries out, but returns looking puzzled and 
frightened.) 

Mary: ‘Ma, the baby’s stopped crying; but he’s acting awful strange, 
and ke only drank half his milk. Are you sure you diluted it? The 
hot water is still standing on the stove.”’ 

Ma: ‘‘Why, Mary, I used the water in that saucepan on the table. 

Mary: “Oh, Ma! Wasn't that the one that had the corrosive sublimate in 
it to use in the hen house?” 

Ma: “Oh, Mary, do you think it was? Why the package of corrosive 
sublimate was marked poison!” 

Mary: “I’m almost sure it was.”’ 

Ma: (Breaking into terrified sobs.) ‘‘Have I poisoned my own baby?” 

Mary: ‘‘Ma, how could you?” 

Ma: ‘Land of Goshen! I’ve poisoned my own baby. Some of you 
kids hurry and get the doctor! Hurry! Oh!” (Sobs hysterically.) 


” 
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Harry: “Be quiet, Ma, I can find out which pan the corrosive sublimate 
is in. Somebody get the pans while I get the chemicals I experiment 
with in the shed nights after school.” (Exits, hastily followed by Mary 
and Ma. In a minute they all come in together, Mary and Ma each 
bearing a saucepan, and Harry carrying a bottle and two drinking glasses. 
He sets these down on the table and pours a little of the contents of each 
pan into a glass.) 

Harry: “‘T’ll pour a little of this hydrogen sulfide water into both glasses.”’ 
(Ile pours some into one glass—nothing happens. The children stand 
around wide-eyed while he pours some into the other glass—it immediately 
turns black.) 

Harry: ‘There, that’s the one that has the corrosive sublimate in it— 
the one that turned black.” 

Mary: ‘Thank Heavens! That is the one that was on the stove. Ma 
didn’t use any of it because it was full.”’ 

Ma: ‘Praise be! Oh, I’m so relieved. ‘To think that I almost poisoned 
the baby.”” (Suddenly assuming a majestic air as the family doctor 
enters.) ‘‘Well, Doctor, I’m mighty glad to say we don’t need you 
now. My son Harry takes chemistry, and just by sperimentin’ he 
found that I didn’t put no poison in the milk.” 

Docror: “Harry, your chemistry certainly came in handy, didn’t it? 
I’ve often heard you say that you wanted to become a doctor; and as 
your mother lacks funds, when you finish high school come to me and 
I'll help you out. Work hard on your chemistry now, for these days 
there’s a lot of it in doctoring.” 

Harry: “Oh, Sir, I'll work my head off to be a doctor like you.”’ 

Ma: “Land sakes! ‘To think of our Harry bein’ a sure enough doctor. 
Mary and Johnnie and Lou, when you get to high school, you’re all goin’ 
to take chemistry. It sure is one grand subjick!”’ (Renewed howls 
from offstage send small Lou out.) 

Ma: “Jerusalem! Here we are all standin’ around and our dinner not 
finished. Doctor, just you set down and eat with us. Johnnie, git a 
chair.”’ (Lou enters importantly.) 

Lou: “Oh! Ma, I found out what was the matter with the baby. There 
was a pin in his di—”’ 

Ma: “Hush up, Lou! Haven't I told you a hundred times not to speak 
of such things before comp’ny! We're going to talk about chemistry. 

CURTAIN 


Viosterol Official Name for Irradiated Ergosterol. Viosterol is the name no 
officially approved by the Council on Pharmacy and Chemistry of the American Medic:'! 
Association for preparations of irradiated ergosterol, the powerful substance that wi'!! 
prevent or cure rickets. Preparations of this substance sold under any other nam 
have not been accepted by the Council as meeting its standards.— Science Service 








CONTEST FOR HIGH-SCHOOL AND FRESHMAN STUDENTS 


On this page is reproduced the fourth of a series of drawings prepared 
for us by Prof. John J. Condon of William Nottingham High School, 
Syracuse, New York. Write a brief statement, telling what is wrong 
with the picture. Use complete sentences; do not merely list mistakes. 
Type your manuscript, if possible; if not, be sure that you write legibly. 
‘Type or write on one side of the paper only. 

Make a correct drawing, showing the picture as you think it should be. 
Use black India ink and white drawing paper. (If you believe that, you 
can draw better on coérdinate paper, white paper with blue rulings must 
be used.) Drawings should be approximately 4” X 6” or 8” X 12”. 

Place your name at the top of each page of your manuscript and at the 
top of your drawing. 


WhaT is Wrong Heres 
Making Nitric Geid 
in the 


La boraferg 





Ny W, 
— and 














On a separate sheet accompanying your manuscript write your own 
name, the name and address of the institution at which you are a student, 
the name of your chemistry instructor, and the name of the chemistry 
club at your institution (if there is one’. 

Address your paper to: The Associate Editor, JouRNAL OF CHEMICAL 
IYDUCATION, The Johns Hopkins University, Homewood, Baltimore, Md. 

Your contribution to this month’s contest must be postmarked not 
later than January 15th. 


Awards 
The best contribution received will be awarded a prize of five dollars 


and will be published in the February JouRNAL. ‘The five next best papers 
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will receive awards of one dollar each and the names of the winners will be 
printed in the February number. 
Contributions will be judged on the basis of: 
1. Correctness from a chemical standpoint 
2. Neatness and correctness of drawing 
3. English 
4. Neatness and legibility of manuscript. 
Papers which do not comply with all of the rules of the contest will not 
be considered. 


Iso-Amyl Ethyl Barbituric Acid, a New Anesthetic, Removes Fear. A new anes- 
thetic which puts patients to sleep so pleasantly and easily that they ask for more, has 
been reported by Dr. J. S. Lundy of the Mayo Clinic at Rochester, and Dr. R. M. 
Isenberger, professor of pharmacology of the University of Kansas. Fewer unpleasant 
after-effects and far less danger than accompanies many of the local anesthetics are 
claimed for this new aid to surgery, which has the impressive name of iso-amyl ethyl 
barbituric acid. 

The work grew out of the old problem of how to offset the bad effects of some local 
anesthetics. Many investigators have sought means of avoiding the occasional cases 
of poisoning by cocaine. Accordingly, procaine, a synthetic product, was developed as 
a substitute for cocaine. However, bad reactions very occasionally follow even the 
use of procaine. Drs. Isenberger and Lundy, following along the line of some previous 
workers, found that certain substitution products of barbituric acid gave protection 
against convulsions from procaine. They reported their work with iso-amyl ethyl bar- 
bituric acid about a year ago. 

In the course of a year’s further work, Dr. Lundy has used iso-amyl ethyl barbi- 
turic acid, experimentally, and for the benefit of patients, over a thousand times. He 
has given it by mouth before administering local anesthesia and the apprehension from 
which some patients suffer before an operation has been lessened in this way. More- 
over, convulsions, that occasionally come on from the use of procaine, have not appeared 
in any cases in which iso-amyl ethyl barbituric acid has been used. 

Also, following the work of Zerfas, Lundy has used this product, by injection into 
a vein, to produce all or part of the general anesthesia in 273 major operations. Sur- 
geons who have employed it in this way have found that patients wish to have it again 
if, for any reason, they need to have another operation. It quiets patients before opera- 
tion and adds to their comfort after operation by producing a semi-conscious state for 
some hours after they have returned to bed. Nausea and vomiting are greatly lessened 
or entirely eliminated. 

More work must be done on this subject before the product will, or should, be used 
as commonly as morphine, ether, and nitrous oxide now are used in general anesthesi«. 
For some time, as with any new procedure in medicine, cases in which the substance | 
to be used must continue to be carefully selected to eliminate risk. However, with th: 
interest that has been aroused by this work, by the use of carbon dioxide at the end « 
inhalation anesthesia as advocated by Dr. Yandell Henderson, of Yale, and by the r 
port on the use of cyclo-propane that was given recently by Dr. G. H. W. Lucas, o! 
Philadelphia, and Dr. V. E. Henderson of Toronto, at the Thirteenth Internationa! 
Physiological Congress, patients who must undergo operations may, in the near future, 
be freed from the dread that some of them have of being put to sleep.— Science Service 





WINNERS IN SECOND “WHAT IS WRONG?” CONTEST 


In selecting the winners of the second contest! we have adhered to the 
same principles which guided us in the first and which may be quoted in 
brief as follows: 

“We have given most credit to observations relating to the chemistry 
involved and to correct laboratory technic. We have allowed some 
credit for criticisms directed at minor or unintentional mistakes or omis- 
sions of the artist, provided they were based upon actual scientific observa- 
tion of laboratory conditions... . Criticisms of the draftsman’s technic which 
did not involve scientific points were ignored as irrelevant. Erroneous 
statements were penalized....Other things being equal, more credit was 
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allowed for a correction which included a statement of the reasons therefor 


than for a bare assertion.” 
The winner of the five-dollar award was Alphonse Piekarski of Kirkwood, 
Missouri. His criticisms and drawing are reproduced herewith. 


In order to facilitate in following along with the enumeration of the errors in the 
drawing, I have divided the errors under four main groups: errors that pertain to wrong 
drawing; those that are connected with necessary and unnecessary articles; and, 
finally, a miscellaneous group. 

The first division, dealing with wrong drawings, has reference fo six objects. The 


1 See Tu1s JOURNAL, 6, 2020-1 (Nov., 1929). 
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first object is the ringstand. The perspective of it is wrong, and furthermore, it could 
have been drawn much straighter. The second object is the basin. In the drawing it is 
entirely too small. It should be large enough to contain a good amount of water (HO) 
in which the round bottom flask is placed. The third error in regard to wrong drawing 
is the thistle tube. The tube should be immersed into the hydrochloric acid (HCl) 
and manganese dioxide (MnO). The fourth error is that, according to the drawing, all 
the connecting glass tubes are clogged. In this case, all the chlorine gas (Cl2) would re- 
main in the flask and in time break it, since the flask would be too small to contain the 
gas liberated by the hydrochloric acid. The fifth error is that the mixture in the flask 
was not thoroughly mixed, because if it were the color of the mixture would be black, 
the manganese dioxide, the black powder, making it black. The sixth error is that the 
hydrochloric acid should be level and have no curves or points as is shown in the drawing. 

The second group dealing with unnecessary articles has three divisions. The am- 
monium hydroxide (NH,OH) and the cardboard are not necessary. The ammonium 
hydroxide would only hinder the working of the experiment. Instead of having the 
ammonium hydroxide in the second wide-mouthed bottle, I put into it the wet, colored 
cotton cloth, thereby leaving the dry colored one in the first wide-mouth bottle. The 
third unnecessary article is the potassium hydroxide (KOH). 

The necessary articles are five. The first regarding the Bunsen burner is that the 
flame is missing. Likewise, in the drawing, the air and the gas are shut off, and conse- 
quently, cannot enter the burner. The clamp, the next necessary article, is to be used 
to hold the flask in an upright position. It is attached to the stand and to the neck of 
the flask. In the last of the four wide-mouthed bottles the liquid should be water and not 
potassium hydroxide. ‘The fourth article is the potassium iodide solution (KI), which 
is used in place of the carbon disulfide (CS2). This potassium iodide solution is used as a 
test for chlorine. The iodine is set free by the chlorine, and colors the solution brown. 
To test the presence of iodine, a starch solution is added to the potassium iodide solution 
and a characteristic blue coloration is produced, thereby proving the presence of iodine. 
The final articles are small pieces of rubber tubing. The wide-mouth bottles should be 
partly connected with glass and partly with the rubber connections. If a bottle or 
bottles were to be taken off, it could be done with ease if the partly rubber connections 
are used. If the connections would be all glass, separating one bottle from the rest would 
necessarily imply that some chlorine gas would escape and as a consequence may cause 
harm if a large amount of it was allowed to escape. 

The last division is intended to show a bad result of the mistakes. If the thistle 
tube would not be immersed in the hydrochloric acid the chlorine gas would escape 
through it into the air and thus may cause serious harm to the experimentor. Another 
point under the miscellaneous group, which could likewise have been placed under the 
first division, has for its object to show that, according to the drawing, chlorine has no 
bleaching effect whatsoever. In reality, however, the colored cotton cloth should have 
had all the lines gone, since these lines are used to show the presence of the coloring mat- 
ter. The wet, colored cloth should be white, which will thereby show that chlorine has a 
bleaching power. 


Other creditable criticisms were: The connecting tubes project too far 
into the bottles from which they conduct Cl. ‘The tubing bends are repre- 
sented as sharper than good glass-bending technic would render practical. 

Winners of one-dollar awards were: WILLIAM DISCHER, Kirkwood, Mo.; 
DorotHy E. ANDERSON, Syracuse, N. Y.; RicHarp M. Lewis, New 
Canaan, Conn.; FRANCIS STUEVE, Chicago, Ill.; Brtry STEPHENSON, 
Chattanooga, Tenn. 
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POPULAR SCIENCE MONTHLY, December, 1929 


(P. 24.) “Oil Wells Drilled in the Ocean.’ George Lee Dowd, Jr. Oil 
irom the bottom of the sea is now being pumped into reservoirs from 
three under-water oil fields on the California coast. Huge wharves, a 
quarter of a mile long, reach out into the Pacific to connect with the derricks 
used in plumbing the ocean bottom for petroleum. ‘This article tells of 
some of the problems which have been solved and of the manner in which 
the derrick foundations are constructed. (Illustrated.) 

(P. 30.) “Welding—The Silent Builder.” Robert E. Martin. Noisy 
riveting hammers are gradually being replaced by torches and electric 
ares in the construction of skyscrapers and bridges and in the fabrication 
of heavy industrial machinery. Numerous other manufacturing and con- 
struction processes are now being accomplished by means of welding. 
Recently it has been made possible to study and improve welding opera- 
tions by means of photographs taken with infra-red light. (Illustrated.) 

(P. 49.) “Diamonds and Salt—Tiny Skyscrapers Built of Atoms.”’ 
E. E. Free. A popular explanation of crystal form and some of the methods 
by which it is investigated. Some famous crystals (jewels) are mentioned, 
and a brief account of latest efforts to crystallize carbon into diamonds is 
given. Uses of various crystals are discussed. (Illustrated.) 

(P. 54.) “Universal Yardsticks.” Professor Raymond T. Birge of the 
University of California has compiled a critical list of values of 103 funda- 
mental and secondary physical constants. These have been published 
by the American Physical Society. 

(P. 55.) ‘Medicine for Steel.” Manganese is one of the essentials 
in the making of modern steel for a great many purposes. ‘There are a 
number of manganese deposits in the United States, but only a part of the 
supply used is produced here. A higher tariff has been suggested to stimu- 
late American production. 

(P. 60.) “Bandaging with Silver.’’ Dr. P. Maritsch of Vienna Uni- 
versity reports that silver leaf applied to surgical wounds seems to have 
marked antiseptic properties. 

(P. 63.) “‘Chemicals Injected into Tree Fireproof Lumber.” ‘The Col- 
lege of Forestry at Tharandt, Germany, has been experimenting with 
inineral solutions injected into trees near their bases with the object of 
lire-proofing the standing timber. ‘The minerals used are chiefly com- 
pounds of silicon and fluorine. It is hoped that this process may be de- 
veloped to the point where it can be applied as a preventive of forest 
fires. 

(P. 64.) “‘Electroscope Finds Lost Tube of Radium.” A small brass 
tube of radium, valued at $4000, which recently disappeared from a Los 
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Angeles hospital was traced through the hospital incinerator and to the city 
dump where it was finally located by means of an electroscope. 

(P. 125.) ‘‘Home Workshop Chemistry.”’ Three methods of bleaching 
aged or otherwise discolored ivory objects. 


ScrENTIFIC AMERICAN, December, 1929 


(P. 525.) ‘‘Pecan Oil from Waste.” U.S. Department of Agriculture 
chemists have found that the fine nut fragments which accumulate at 
pecan-shelling plants can be pressed to produce a mild, agreeably flavored 
oil suitable for salad dressings, etc. 

(P. 525.) “Dried Hog Stomach New, Cheaper Anemia Remedy.” 
See Science Service note, p.47. (Cf. Science Service note, p. 32.) 

(P. 526.) ‘“‘Arc-Welded Steel Motor Boats.” The Engineer Corps, 
United States Army, is now building three arc-welded steel motor boats for 
use as carriers and tow boats on the Mississippi River and its tributaries. 
This is the second fleet to be so constructed. Some details of construction 
are describer:. 

(P. 527.) ‘Chemistry Helped ‘Graf Zeppelin’s’ Record Flight.’”” One 
of the major problems challenging the ingenuity and resourcefulness of 
chemists was the problem of refueling the giant ship at its various ports of 
call in the United States and foreign countries. The Graf Zeppelin motors 
burn gaseous fuel which is carried in balloonets in the interior of the ship. 
Blau gas, which has about the same weight as air, was the fuel originally 
used. It is not, however, available in commercial quantities anywhere 
except in Germany, and freight rates are important factors in the shipping 
of steel gas containers. 

Ethane was supplied for the trip from Lakehurst to Friedrichshafen; 
the flight from there to Tokio was made on Blau gas. At Tokio the ship 
was refueled with a mixture of Pyrofax (which had been shipped from West 
Virginia in the liquid state) and hydrogen, available in Japan. From Los 
Angeles to Lakehurst the fuel was Pyrofax mixed with natural gas. 

(P. 530.) “Synthetic Resin Improves Lacquers.’”’ A new synthetic 
resin, ethyl abietate, is expected to greatly stimulate lacquer improvement. 
Unlike the natural resins and synthetic resins previously produced on 2 
commercial scale it is freely soluble in nitrocellulose solvents. 

(P. 530.) ‘Powdered Fuels for Engines.’’ An internal combustion 
engine described in Canadian Chemistry and Metallurgy is said to operate 
reliably and practically on powdered coal. 

(P. 530.) ‘Industrial Stills Made of Glass.’”’ Chemical engineers are 
finding that distilling column parts which are subject both to corrosion and 
erosion can be fabricated of glass. Some changes in design have been 
necessary in order that the glass parts can be produced cheaply enough. 
(Illustrated.) 
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(P. 530.) “Standardized ‘Weighting’ Practice Adopted by Silk In- 
dustry.’’ Silk is improved in appearance and strength by suitable weight- 
ing. Over-weighting cheapens the material and weakens the fiber. Re- 
cent investigations have determined the limits within which weighting 
improves rather than damages the material. 

(P. 532.) “Everything for the Medicine Chest.’’ A series of photo- 
graphs from the Abbott Laboratories in Chicago, showing various operations 
in the preparation of pharmaceutical products. 

(P. 534.) ‘“Ethanolamine Soap Has Many Uses.” A new series of 
soaps has been produced by combining the ethanolamines with various 
fatty acids. Many of these soaps are highly soluble in organic solvents. 
This fact, together with their power of promoting oil-water emulsification, 
gives them unusual and valuable cleaning properties. 

(P. 534.) “Carbon Dioxide Gas Used to Fight Fire.’’ An account of 
the use of ‘‘Fyre-Freez’”’ to extinguish lacquer fires, with two photographs. 

(P. 534.) ‘‘Fish Fussy about Salt in Their Water.” Scientists of the 
U. S. Bureau of Mines have been investigating the effects upon fish of 
soluble chloride wastes run into streams. Some species seem to be little 
affected by rather wide variations in salt content while others suffer ill 
effects from comparatively small changes. Calcium chloride seems to be 
more dangerous to fish life than sodium chloride. 

(P. 543.) “Burn Aluminum Dust for Intense Flame.”’ Aluminum 
dust and oxygen are used in a new torch which produces the most intense 
flame known. ‘The principle is, of course, that of the thermite process 
except that the oxygen is supplied in elementary form rather than in a 
compound which must be decomposed. 

(P. 545.) ‘Novel Method for Making Citric Acid.”” The older method 
for producing citric acid from lemons called for the formation of calcium 
citrate and subsequent regeneration of citric acid. ‘The new process elimi- 
nates this costly and wasteful step. 

(P. 545.) ‘Rust Used in New Base for Paint.”’ A new paint which 
penetrates iron rust and incorporates it into the paint film is described in 
U.S. Patent 1,647,666. 

(P. 546.) ‘‘Processes Developed to Bind Fixed Nitrogen.’”’ ‘The Dorr 
Company, Inc., is introducing into this country Swedish processes whereby 
ammonia derived from nitrogen fixation is combined with phosphate rock 
to form concentrated fertilizers. 

(P. 546.) ‘‘Regulating Thickness of Electro-Plating.” A new current 
density meter, devised in Germany, helps platers control the thickness of 
electro-deposits. 

(P. 546.) “Ferric Chloride Becomes Cheap Coagulant.’”’ Ferric 
chloride is now available in commercial quantities at prices low enough to 
make it an economic coagulant for use in the disposal of sewage wastes. 
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(P. 547.) ‘“Lignite Absorbs Sulfur Gases.” A German chemist 
has found that certain lignites available in Germany have high absorbing 
powers for sulfur gases in coal gas. The absorbent may be regenerated 
merely by the application of water. 

(P. 547.) ‘New Material for Crucibles Outpoints Porcelain.” A 
Holland manufacturer has produced a new fire-proof material for crucibles. 
It is said that red-hot crucibles of the new material can be plunged into 
cold water without ill effects. ‘‘Weta-material’’ consists of very fine, 
uniformly distributed carborundum particles with admixed silicates and 
metals of the iron series, cobalt and nickel, and sinters, after firing in a kiln, 
at about 1400°C. ‘The ware is completely water-tight, without any glazing. 


SCIENCE AND INVENTION, December, 1929 


(P. 700.) ‘‘Recent Inventions Based on Modern Chemistry.” Henry 
Townsend. ‘Pocket Alcohol Tester.’’ A pocket case containing tubes and 
reagents necessary to test a liquid for the presence of wood alcohol. (Pho- 
tograph.) ‘‘Lumber from Farm Wastes.” Cornstalks, shavings, etc., are 
fabricated into a material which can be sawed, planed, or nailed like true 
lumber. (Photograph.) ‘‘Lindbergh’s Aeroplane Ice-box.” ‘The box is 
built of balsa wood and weighs only two pounds. It is refrigerated with 
solid CO.. (Photograph.) “Dry Ice Machine.’’ Small machines for 
producing ‘‘dry ice’ in the laboratory or at the soda fountain are now 
available. (Photograph.) 

(P. 704.) ‘“‘Super-Refined Oil.” Alfred M. Caddell. A brief outline of 
the processes by which petroleum is refined, followed by a discussion of a 
newly developed process for cleansing and reclaiming used oils to produce a 
superior grade of lubricant. 

(P. 714.) ‘‘How to Make Rayon.” Raymond B. Wailes. Filter paper 
may be dissolved in ammoniacal copper oxide solution. (The author pre- 
scribes cupro-ammonium sulfate but actually gives directions for the 
preparation of ammoniacal copper oxide). The resultant cellulose solution 
may be forced through an ordinary pipet, by blowing, into a beaker of 
dilute sulfuric acid. The filaments so formed should be washed while 
still moist and then dried. (Illustrated.) 

(P. 714.) ‘“Short-Cuts for the Young Chemist.’”’ Directions for the 
construction of wash bottles, a condenser flow indicator, buret cleaners, etc. 

(P. 715.) “Useful Ideas for the Home Scientist.’’ ‘‘Water-proofing 
Paper.” Formula and directions. ‘Iron Cement.’’ Formula and direc- 
tions for use. 

(P. 720.) ‘‘Tin-Plating Iron.’ The iron should be cleaned with diluic 
sulfuric acid, washed and scoured with fine sand. Zinc chloride solution is 
then applied. An iron article so treated and dipped in a bath of molte:! 
tin will acquire an adherent tin coating. 
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(P.721.) ‘A Solvent for Rust.’’ Soaking for 12 to 24 hours in a nearly 
saturated solution of tin chloride is recommended. 


PopuLAR MEcHANICS, December, 1929 


(P. 887.) ‘Danger of Explosion Shown by Gas Detector.” An instru- 
ment for detecting inflammable gases which operates by introducing the 
gases into the presence of a glowing electric filament and measuring the 
change in resistance of the filament brought about by heating, due to 
combustion. (Photograph.) 

(P. 906.) ‘The War of the Ages.’’ Insects of all kinds are among 
man’s most serious enemies today. They cause discomfort and annoyance, 
many of them spread disease, and others menace man’s food supply by de- 
stroying his crops. Some methods of control for the commoner pests are 
described. (Illustrated.) 

(P. 936.) “Profit in Tin Cans.’’ ‘Tin can dumps around western min- 
ing camps are being reclaimed ata profit. Labels are removed by mangling 
and washing; the tin plate is dissolved in caustic solution; and the re- 
maining steel is compressed into compact form for shipping. 

(P. 945.) ‘‘Anesthetic Takes Away Fear of Surgeon’s Knife.” A 
promising new anesthetic has been discovered in isoamylethyl barbituric 
acid. Itissaid to be safe, to produce a very satisfactory form of anesthesia, 
and to have practically no after-effects. (See Science Service, p. 170.) 

(P. 988.) ‘Platinum Substitute Found in ‘Konel.’” A new alloy called 
“Konel” is being used as a substitute for platinum in radio tubes. Be- 
cause of its toughness at high temperatures it may also find mechanical 
uses, as in valves, valve stems, turbine blades, etc. ‘The alloy costs $15 
a pound as compared to platinum at $180 an ounce. 

(P. 989.) ‘Tungsten Carbide Penetrates the Hardest Metals.”’ ‘Tung- 
sten carbide, called ‘‘carboloy,”’ is the hardest substance known except the 
diamond. With tools made of this substance exceedingly hard materials 
can be machined. 

(P. 1015.) ‘‘Easy Chemical Tricks.’’ Sam Brown. A lump of sugar 
quickly dipped in collodion and then dried for about 24 hours will sink in 
a cup of coffee but in a few moments will apparently bob to the top again. 
As a matter of fact the sugar dissolves and the collodion frame-work rises. 

A mothball dropped in a glass of carbonated water can apparently be 
made to rise and sink in the glass at command. Actually the commands 
are timed to the natural rise and fall occasioned by the bubbles which al- 
ternately cling to and detach themselves from the mothball. 

A recently extinguished candle may apparently be relighted by touching 
the wick with the edge of a glass of water if one has had the foresight to stick 
a small piece of phosphorus against the edge of the glass with softened 
tallow. 
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Soap bubbles containing gasoline fumes can be exploded with a candle. 

A cigaret with a bit of potassium imbedded in the end may be lighted 
by applying a piece of ice. (Illustrated.) 

(P. 1054.) “Ladle of Frozen Steel Cut in Two with Oxygen Lance.” 
An adaptation of the familiar oxy-acetylene process makes it possible to 
cut pieces of metal of great thickness. (Illustrated.) 


Perminvar, an Alloy of Nickel, Copper, and Iron, Used in Proposed Trans-Atlantic 
Telephone Cable. Early in the year 1932, it will probably be possible to talk from the 
United States to Europe by telephone regardless of the static and atmospheric conditions 
that interfere with trans-Atlantic radio at times. By then it is expected that a trans- 
Atlantic telephone cable will be in use, providing an all-wire voice circuit between the 
two continents. 

Engineers at the Bell Telephone Laboratories in New York are now working on the 
development of the cable system, which will connect New York with London. Long 
distance lines will radiate from each of these cities to the other parts of Europe and 
America. It is not expected that the cable will replace the present radio system, but 
its greater reliability will assure a connection at all times. It will also provide an addi- 
tional channel so that more messages can be handled at once. The telephone cable will 
only handle one conversation at a time. 

Recently developed alloys of nickel, cobalt, and iron make telephony by cable pos- 
sible. This metal is known as “perminvar.’”’ It is not used to carry the currents that 
traverse the cable, but is wrapped spirally around the cable as loading. A copper wire 
in the center is the actual conductor. 

With a plain copper wire, which was used in the first cables, the wire and the sea 
outside acted as a condenser, even though the wire was fully insulated. Electricity is 
stored in a condenser something like water in a tank, so it is sluggish in its action. The 
condenser, which is the entire cable, must be charged before the operator at the other 
end gets a signal, while it must be discharged before another signal can be sent. This 
made early cable transmission very slow. 

This capacity of the cable—the property that makes it a condenser—can be over- 
come by loading it. This is done by wrapping it with wire or tape made of metal which 
becomes magnetized by the slight currents flowing through the cable. For use in teleg- 
raphy, the Bell Laboratories developed an alloy called ‘‘Permalloy,” which is now in 
use on several high-speed cables. ‘These cables respond instantly to signals from thie 
transmitting end. 

Perminvar has a further advantage over permalloy, however, for it is affected to the 
same extent by the same variation in current, whether in a weak current or a relatively 
heavy one. With telegraph cables, the current either flows or does not flow, and tie 
change is from on to off so this property is not needed. Telephony, however, requires 
a wide range of current strength to take care of the modulations of the voice. Witha 
cable loaded with perminvar this is possible. 

The route of the new cable has not yet been definitely determined. Probably, tite 
submarine part will be from Newfoundland to Ireland, a length of about 2100 miles. 
From Newfoundland, the circuit will be carried through several other cable sections to 
Nova Scotia and thence over land wires to New York. From the Irish end, a submariiie 
cable will carry it across the Irish Channel to Scotland, and then land wires will take it 
to London.—Science Service 











WHAT SHALL WE TEACH OUR CHEMISTRY MAJORS? 


THIS JOURNAL has urged that the teaching members of the chemical 
profession air their difficulties and problems through a common clear- 
ing house. Ihave often encountered many differences in opinion as to 
the requirements for a major in chemistry in the liberal arts college. The 
men who direct research in the universities are impressed by the dif- 
ferences in training of the men who come to them. ‘The Chicago Bulletin 
recently carried an article by Dr. NoyEs in which he deplored the train- 
ing in chemistry given in the average small college. In a measure I 
believe he is right. The chemistry departments are somewhat handi- 
capped by the fact that the enrolment of students in the department 
is often taken by both college and university administration officials 
as an index of the department’s importance. A rigid standard may 
even work a hardship for that reason. It becomes necessary then to 
try to strike a happy balance between requirements and popularity 
in many cases. It has occurred to me that it would be of value to the 
younger department heads to have a better idea of what the leaders in 
the profession consider an adequate training for a major study. I confess 
Idonot know. A study of college and university catalogs will show what 
courses in chemistry and sometimes what courses in other departments are 
required, but that is hardly enough. At Coe, a typical midwestern col- 
lege, I am attempting to enforce the following schedule. It may be too 
strict, not allowing the undergraduate enough latitude in his choice of 
subjects or it may not be rigid enough. I do not know. At any rate 
the schedule is: 

Chemistry: General, 8 hours; Analytical, 8 hours; Organic, 8 hours; 
Physical, 8 hours. 

Physics: Courses in General Physics, Light; Magnetism and Elec- 
tricity; Vacuum Tube Phenomena and Radioactivity; Heat and Thermo- 
dynamics. 

Mathematics: College Algebra and Trigonometry; Analytical Geom- 
etry; Dufferential and Integral Calculus; Differential Equations; Theory 
of Errors and Least Squares; and Analytical Mechanics. 

At least one course in a Natural Science; a reading knowledge of 
French and German; Public Speaking; Economics and the usual college 
requirements of English, History, etc. 

This sounds and looks rather formidable as a college schedule. 
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A specific question comes up immediately. Is it necessary to insist 
on so much mathematics and physics if a student is interested in physio- 
logical or organic chemistry? 

If you think such problems are worth discussion I would be a most 


interested reader. 
BEN H. PETERSON 


CoE COLLEGE 
CEDAR Rapips, Iowa 


Ultra-Violet Windows Tested by Government. How to let the ultra-violet rays of 
the sunlight through the window into home and schoolroom was discussed by Dr. W. W. 
Coblentz, physicist of the U. S. Bureau of Standards at Washington, in a report to the 
Illuminating Engineering Society. He reported his tests upon various window glasses 
and other materials and suggested that for effective results the material should not 
transmit less than 45 to 50 per cent of the ultra-violet rays in the sunlight. 

If only small amounts of the ultra-violet rays penetrate the windows they cannot 
be relied upon to effect cures of rickets, which are possible with large doses of ultra- 
violet rays as well as with sources of vitamin D. Dr. Coblentz quoted clinical reports 
that indicated that exposure of five to seven hours each day with light through glass 
with 25 per cent transmission would be necessary merely to prevent rickets in a normal, 
properly fed child, and in view of the facts that such exposure of such lengths are not 
practicable, he believes that at least 45 to 50 per cent transmission must be required in 
specifications. Even with this degree of transmission, the effect would be preventive 
only and in no sense curative. 

Various commercial makes of glasses, after being stabilized by exposure to sunlight, 
ranged from only one-half of one per cent to 59 per cent transmission, with four out of 
nine greater than 40 per cent. Dr. Coblentz used a wave length of 302 millimicrons as 
a division point between the ultra-violet rays and the rest of the sunlight. 

Tracing cloth, which has been suggested for window material because of a supposed 
transparency to ultra-violet rays, was found to be actually no more transparent than 
other fabrics such as nainsook, batiste, or balloon cloth. Other studies of fabrics showed 
that those made of silk and wool yarns compared favorably in transmission of ultra- 
violet light with cotton, linen, and rayon. 

Feathers have a fairly high transmission, apparently nature’s provision for assur- 
ing chickens and other birds their supply of these vital rays. Unlacquered surfaces of 
metals, aluminum, nickel, and chromium, are good reflectors of ultra-violet radiation. 
Linseed oil and nitro-cellulose lacquer, especially after drying, are highly opaque to 
ultra-violet radiation.—Science Service 

Survey Shows Plenty of Potash. The survey now being conducted by the United 
States Bureau of Mines and the U. S. Geological Survey has disclosed the fact that we 
have in the Permian basin a sufficient reserve of potash to make the nation independent 
in any future emergency such as that which arose in 1910 when German legislation 
voided all American potash contracts. It will be necessary to solve certain problenis 
of transportation, marketing, and mining engineering before the potash is available for 
commercial use, but these problems are now being attacked by federal, state, and p:i- 
vate agencies. 

The area in which the potash-bearing salts have been found occupies about 
counties in Texas and New Mexico. Altogether it covers about 40,000 square miles. 
Science Service 
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WARBURG REPORT ON THE METABOLISM OF TUMORS 


Professor Otto Warburg,! of the Kaiser Wilhelm Institut fiir Biologie, 
Berlin-Dahlem, has, in a monograph? recently published, recorded and 
interpreted the findings in his laboratory concerning the metabolism of 
tumors. A brief summary of this report has been prepared for ‘THIs 
JoURNAL by Dr. Charles F. Geschickter, Garvan Cancer Research Labora- 
tories of The Johns Hopkins Hospital and University, Baltimore, Maryland. 

The twelve important points brought out by Professor Warburg are as 
follows: 


Because of finding a high rate of oxidation in the sea-urchin’s egg at a period of 
maximum growth, Warburg thought this high oxidation would be true of cancer 
tissue. However, it was found that cancer consumed oxygen at the same rate as 
normal liver and kidney tissue, and that its growth energy depended on a second 
form of metabolism, splitting glucose to lactic acid (called glycolysis). Cancer 
tissue is like the lactic acid bacillus, it lives partly by oxidation and partly 
by glycolysis. Cancer tissue forms 10 to 12% of its own weight of lactic acid per 
hour. 

Glycolysis tannot be compared to the ferments of the lipases or proteolysins 
because these latter fermentations are not energy producing. 

That glycolysis produces tumor energy is shown by the fact that tumor tissue 
will live in sugar solutions in an absence of oxygen, but will die and not be 
transplantable if oxygen and sugar are both absent. 

Pasteur was the first to show that glycolysis is reduced by the presence of oxygen, 
and Meyerhoff was the first to show this effect as a measurable constant, showing 
that one molecule of oxygen caused from one to two molecules of lactic acid to 
disappear. The most important finding in regard to tumor metabolism is that 
although the anaerobic glycolysis or sugar splitting of the tumor tissue is re- 
duced in the presence of oxygen, the tumor breathing rate in comparison with 
the glycolysis rate is too small to prevent the sugar splitting from going on. 
Quantitatively in the presence of air, tumor tissue burns only one molecule of 
sugar with oxygen, while twelve molecules of sugar are being split by glycolysis. 
Malignant tumors of the rat and Rous sarcoma, human cancers of the skin, 
mucous membranes, and glands all show this same constant property of sugar 
splitting in the presence of oxygen. 

Benign human tumors of both epithelia and connective tissues were shown 
to resemble malignant tumors in their metabolism, differing from cancers only 


1 Prof. Warburg recently made an address on “Iron as a Catalyst in Biological 
Oxidation” before the Johns Hopkins Hospital and Medical School under the auspices of 
the Huerter Foundation Lecture. 

2 “Uber den Stoffwechsel der Tumoren,” Julius Springer, Berlin, Germany, 1926, 
266 pp., $4.50. 
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in degree. Benign tumors have a high glycolysis (sugar splitting with lactic 
acid formation) in the absence of oxygen, just like malignant tumors, but aerobi- 
cally glycolysis in the benign tumor is reduced to one-third or one-quarter that 
of malignant tumors. 
Embryo tissues fall in line with benign and malignant tissues having a high 
anaerobic glycolysis. Thus a high anaerobic glycolysis can be considered a char- 
acteristic of all rapidly growing tissues. But the embryonic tissues in the 
presence of oxygen cease totally their glycolytic activity, thus showing that 
the difference between unorderly growth and orderly growth is a question of 
aerobic glycolysis. 
On the basis of the findings above (in VII) the following hypothesis is postulated 
as the cause of tumor origin. The small amount of glycolysis present in normal 
tissue is supposed to reside in certain embryonic cells scattered through all 
normal tissue. When the oxygen want rises through sclerosis of vessels or in- 
flammation the normal cells are killed off and only the embryonic cells capable 
of living anaerobically in the absence of oxygen by glycolysis continue to mul- 
tiply. If the oxygen want is chronic the cells become adapted by having a high 
glycolytic metabolism and a low breathing rate and they constitute the malig- 
nant growth. (Warburg does not state why their growth should be so dis- 
orderly, but Bierich has shown that the lactic acid formed breaks down normal 
connective tissue boundaries. ) 
That glycolysis should be a property of all normal tissues not in a state of com- 
plete rest, follows if such metabolism is a property of growth. In keeping 
with this all normal tissue was found to have some glycolysis, and young epi- 
thelium more than old. 
Although it is true for tissues that there is no growth without glycolysis, the 
reverse, no glycolysis without growth, is not true. The retina shows high 
aerobic and anaerobic glycolysis. We account for this exception by saying that 
the retina is particularly vascular in vivo, and has a high enough oxidation 
rate to suppress glycolysis, but experimentally we deprive it of this blood supply, 
etc. 
The relation of tissue growth to cancer can be conceived in terms of glycolysis 
and metabolism as follows. At first embryonic tissue exists with a high anaero- 
bic glycolysis and a high aerobic respiration. ‘Then the tissue comes to an adult 
resting phase with a low anaerobic glycolysis and a comparatively high oxygen 
respiration. From this stationary condition, carcinoma develops by a reversion 
to the embryonic form of metabolism, with a high anaerobic glycolysis, without 
the rate of oxygen respiration following suit. 
The crux of these findings are summed up in this fashion: ‘The metabolism of 
the cancer cell is a balance made up of glycolysis and oxidation, just as the 
metabolism of the aerobic lactic acid bacillus is. The cancer tissue is differen- 
tiated from embryonic tissue, resting and growing epithelium whose metabolisi1 
is fundamentally an oxidation process by the preponderantly glycolytic nature 
of its metabolism. 

“Quantitatively and qualitatively the glycolytic metabolism of cancer :s 
not different from the glycolytic phase of embryonic metabolism, but because i 
cancer metabolism the balance between glycolysis and oxidation is disturbed in 
favor of glycolysis, glycolysis appears greater.” 
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ETHICS OF THE TEACHING PROFESSION* 


The Code of Ethics adopted by the National Education Association, 
July, 1929, has been five years in the making; it has been the outgrowth 
of a large amount of research which was planned and carried out by the 
Committee on Ethics of the Profession and its officers. Its making has 
been a scientific, painstaking, and coéperative enterprise in which several 
thousand members of the profession have participated. Probably more 
research has gone into its making than into the code of any other group. 


Preamble 


In order that the aims of education may be realized more fully, that the welfare of the 
teaching profession may be promoted, that teachers may know what is considered proper 
procedure, and may bring to their professional relations high standards of conduct the 
National Education Association of the United States has developed this code of ethics. 
[The term ‘‘teacher’’ as used in this code is intended to include every person directly engaged 
in educational work whether in a teaching, an administrative, or a supervisory capacity. | 

Article One— Relations with Pupils and to the Community—SEcTION 1. The school- 
room is not the proper theater for religious, political, or personal propaganda. ‘The 
teacher should exercise his full rights as a citizen but he should avoid controversies which 
may tend to decrease his value as a teacher. 

SECTION 2. The teacher should not permit his educational work to be used for 
partisan politics, personal gain, or selfish propaganda of any kind. 

SECTION 3. In instructional, administrative, and other relations with pupils, the 
teacher should be impartial, just, and professional. The teacher should consider the 
different interests, aptitudes, abilities, and social environments of pupils. 

SEcTION 4. The professional relations of the teacher with his pupils demand the 
same scrupulous guarding of confidential and official information as is observed by 
members of other long-established professions. 

SECTION 5. The teacher should seek to establish friendly and intelligent codpera- 
tion between the home and the school. 

SECTION 6. The teacher should not tutor pupils of his classes for pay. 

Article Two— Relations to the Profession—SkcTI0ON 1. Members of the teaching 
profession should dignify their calling in every way. The teacher should encourage 
the ablest to enter it, and discourage from entering those who are merely using the 
teaching profession as a stepping stone to some other vocation. 

SECTION 2. The teacher should maintain his efficiency and teaching skill by study 
and by contact with local, state, and national educational organizations. 

SEcTION 38. A teacher’s own life should show that education does ennoble. 

SEctiow 4. While not limiting his services by reason of small salary, the teacher 
should insist upon a salary scale suitable to his place in society. 

SEcTION 5. The teacher should not exploit his school or himself by personally 
inspired press notices or advertisements, or by other unprofessional means, and should 
avoid innuendo and criticism particularly of successors or predecessors. 

SEcTION 6. The teacher should not apply for another position for the sole purpose 
of forcing an increase in salary in his present position. Correspondingly, school officials 
should not pursue a policy of refusing to give deserved salary increases to their employees 
until offers from other school systems have forced them to do so. 


* J. Nat. Educ. Assoc., 18, 261 (Nov., 1929). 
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SEcTION 7. The teacher should not act as an agent, or accept a commission, roy- 
alty, or other reward, for books or supplies in the selection or purchase of which he can 
influence, or exercise the right of decision; nor should he accept a commission or other 
compensation for helping another teacher to secure a position. 


Article Three— Relations to Members of the Profession—SkcTION 1. A teacher 
should avoid unfavorable criticism of other teachers except such as is formally presented 
to a school official in the interests of the school. It is also unprofessional to fail to report 
to duly constituted authority any matters which involve the best interests of the school. 

SEcTION 2. A teacher should not interfere between another teacher and a pupil 
in matters such as discipline or marking. 

SECTION 3. There should be coéperation between administrators and classroom 
teachers, founded upon sympathy for each other’s point of view and recognition of the 
administrator's right to leadership and the teacher’s right to self-expression. Both 
teachers and administrators should observe professional courtesy by transacting official 
business with the properly designated person next in rank. 

SEcTION 4. The teacher should not apply for a specific position unless a vacancy 
exists. Unless the rules of the school otherwise prescribe, he should apply for a teaching 
position to the chief executive. He should not knowingly underbid a rival in order to 
secure a position; neither should he knowingly underbid a salary schedule. 

Section 5. Qualification should be the sole determining factor in appointment and 
promotion. School officials should encourage and carefully nurture the professional 
growth of worthy teachers by recommending promotion, either in their own school or in 
other schools. For school officials to fail to recommend a worthy teacher for another 
position because they do not desire to lose his services is unethical. 

SEcTION 6. Testimonials regarding a teacher should be frank, candid, and con- 
fidential. 

Section 7. A contract, once signed, should be faithfully adhered to until it is 
dissolved by mutual consent. In case of emergency, the thoughtful consideration which 
business sanction demands should be given by both parties to the contract. 

SECTION 8. Due notification should be given by school officials and teachers in 
case a change in position is to be made. 


DEADLINES IN TEACHING! 


In a recent magazine article entitled “Laid Off at Forty,” the author points out the 
existence of low-age deadlines in industry. Unemployed, competent executives past 
forty years of age, regardless of why they are out of employment, find extreme difficulty 
in securing positions according to this author’s opinion, ‘‘because younger men are 
wanted.’’ Ina recent discussion among men engaged in teacher-placement duties, tlic 
question arose regarding possible deadlines in teaching. The general testimony w«s 
that age is often a bar when the unemployed teacher seeks a position in the publi 
school or collegiate fields. 

Until recently, ‘“‘too old” in teaching meant approaching senility, and teachers even) 
past middle age could give up their positions in the spring with a practical certainty 
of employment when schools opened in September. ‘Too old” is now gradually comin: 


1 An editorial by E. W. ANDERSON in the Educational Research Bulletin of the 
College of Education of the Ohio State University, 8, 364-5 (Nov. 6, 1929). 
* 
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{o mean ‘‘past middle age”’ as the term is used by school officials seeking additions to 
their staffs. Well-experienced teachers, attempting to shift from administration to 
ollegiate or public-school teaching, are encountering increasingly insurmountable 
obstacles to such transfers, not the least of which is a record of widely scattered ex- 
verience of more than fifteen years. The lines of demarcation between the many fields 
in education are becoming more evident, and the specific demands in each field are 
increasingly detailed. Obstacles to changing one’s type of position include age, type of 
experience, and training. 

The Philadelphia city schools engage as a new teacher no man over fifty and no 
woman over forty-five years of age. Other cities have similar practices. One cogent 
reason for such rulings is the financial gain in having a large number of relatively inex- 
perienced teachers on the pay roll, since the salary budget increases as larger percentages 
of teachers reach the “‘top”’ of the schedule. , 

Colleges and universities which formerly would take successful administrative 
experience in lieu of advanced degrees are searching persistently for teachers holding 
doctor’s degrees when they make additions to their departments of education. As the 
number of teachers with the doctorate increases and as the demands of collegiate ac- 
crediting agencies push up the educational requirements of college faculties, shifts to 
collegiate teaching by men with wide administrative experience but little graduate 
training will probably diminish to an almost imperceptible number. 

The ladder of advancement for many in teaching is up the rungs of high-school 
teaching, principalship, and superintendency. Some have added the additional rung 
of collegiate teaching. Limited experience in each step normally is an aid in attaining 
the next rung of this ladder. But for the most part this is a one-way ladder on which 
those who slip from their attained rungs often unsuccessfully try to gain footing on the 
rungs which supported their upward progress. 

A college teacher who had some years previously left the public-school field thought 
he could easily ‘‘step down” into high-school teaching or a principalship since he was 
unable to secure a collegiate post in his preferred subject. He did not realize that he 
was competing with teachers whose first interests and last experiences were in the 
high school. Also, he was unable to understand, that while he was perfectly willing to 
“step down” into high-school teaching as a last resort, the school officials were quite 
indifferent to the services of a “‘stepper down’”’ who had years ago left the high school, 
regardless of his reasons for “stepping.”’ 

Obviously, one is ordinarily best fitted for a specified type of work if he is trained for 
it and has had a wide experience in it. Only in absence of trained competitors can he 
“make the grade’’ in shifting satisfactorily from one type of position to another. Salary 
advantages which induce him to choose one field of teaching in preference to another 
will increase rather than diminish as he delays changing; and the longer he stays the less 
will be his chances of going satisfactorily to another field. As teachers who specialize 
within narrow educational limits become more plentiful, school officials will increasingly 
restrict employment to those who have chosen one phase of education, have prepared 
thoroughly for it, and have engaged fully in it. Ten years ago when teachers were as 
scarce as the proverbial ‘‘hen’s teeth,”’ shifts in and out of teaching and between various 
fields in the profession were made with relative ease. Now the ‘‘Jack of all trades” 
who is seeking a position is facing a seriously difficult problem of re-employment. The 
next ten years will undoubtedly see such problems becoming larger. 

Appointment offices and teachers’ agencies are advising teachers not to resign from 
positions on the strength of supposed opportunities elsewhere until they have carefully 
canvassed the opportunities for re-employment, especially if they have reached middle 
age. They also advise the far-seeing individual to chart his professional ambitions 
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carefully, in order to avoid attempted shifts that may be impossible of execution and 
blind alleys with insurmountable walls. 

There will always be exceptional individuals of all ages who seem to be able to shift 
in and out of teaching and change from one field to another with impunity. They 
usually have ability and personal salesmanship superior to the competitors whom they 
meet. These people will likely be more and more the exceptions as their ages and ex- 
periences increase, as each line of teaching becomes rapidly more specialized, as com- 
petition for positions becomes keener, and as age deadlines for unemployed teachers go 
down. 


STATUS OF THE JUNIOR COLLEGE IN THE EDUCATIONAL WORLD* 


Two new school units have in recent years come in for much attention in the educa- 
tional world, both of them carrying in the names usually applied to them the word 
“junior.’’ ‘These are the junior high school and the junior college. Junior high schools 
greatly outnumber junior colleges, a fact which has led many to believe that, of the two 
organizations, the junior high school was first to come upon the educational scene. The 
fact is that, although these new units are almost contemporaneous developments, having 
made their first appearance not long after the opening of the present century, the estab- 
lishment of the first junior college antedates that of the first junior high school by at 
least six years. 

The growth of junior colleges in the years immediately following the emergence of 
the first examples was relatively slow, but recent years have witnessed a remarkable in- 
crease in their numbers. ‘The increase has been so rapid that it has stimulated some 
rather wild conjectures on the extent of the movement, many of these conjectures not 
based on any actual recent count. It is the purpose here to set forth the present status, 
the main facts of the description to be drawn from two counts made by the writer in 
1922 and 1927. ‘These facts will be supplemented by more recent evidence. Apprecia- 
tion of the present status will be somewhat enhanced by disclosing the growth during 
the half-decade between the two years just named. 


Types and Numbers of Junior Colleges 


Not including the lower divisions of colleges and universities in which the first two 
years are set apart for partially separate administration, the total number of junior 
colleges found in the count for 1927 was 325. The number in actual operation was 
without doubt larger than this, as this was only the number concerning which authentic 
reports could be obtained. This represents an increase during five years of almost 
three-fifths of the earlier number. Whitney’s count for 1927-28 disclosed a total of 
382 such institutions.!. Although an actual count is not at hand, from the scattered 
evidence of continued development, it is safe to assume that the total number of these 
institutions in operation during the school year 1929-1930 is in excess of 400, or about 
double the number in 1922. An estimate of the total enrolment in such units is much 
more hazardous, but it can hardly be less than 50,000. 

1. Public Junior Colleges. Of the whole number of junior colleges in 1927, 
almost a third—105 to be exact—were public junior colleges, that is, part of local 


* By L. V. Koos, School of Education, University of Chicago, The Wiley Bulletin, 
October, 1929. 

1 FREDERICK IL. WHITNEY, “The Junior College in America,’’ Colorado State 
Teachers’ College, 1929, p. 9. 
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school systems. For the most part, these units are maintained in connection with public 
high schools. There was a total of 46 such units in 1922. The number at this writing 
is probably not fewer than 150. 

2. State Junior Colleges. The junior colleges designated as state institutions 
numbered 31 in 1927, an increase of only 7 from 1922. The number at present is 
probably from 35 to 40. This is an exceedingly diverse group, including as it does units 
maintained as parts of normal schools or teachers’ colleges, units in county schools sup- 
ported mainly from state sources in states in which the county is not the dominant 
educational subdivision, units which are branches of state universities or of state colleges 
of agriculture and mechanic arts, and units more or less independent of other educa- 
tional institutions but under state control. It is significant to note that the number of 
junior colleges in normal schools and teachers’ 
colleges dropped between 1922 and 1927 from _— 

18 to 7. This decrease represents a marked 
deflection from the junior-college movement 
on the part of teacher-training institutions. 
It seems, however, to be in harmony with sca acs A \Ghiiae: Clean 

a somewhat general instability and hetero- ee cole 

geneity of the state type of junior college. —— State Junior Colleges 

3. Private Junior Colleges. The pri- 
vate junior colleges outnumber the public 
junior colleges and the state junior colleges 
combined. One hundred eighty-nine were 
discovered during the count for 1927, as 
against 1387 in 1922. Whitney reported 236 
for 1927-1928.! The number may be some- 
what larger now, ‘but of this we cannot be 
certain, because some have since joined the 
ranks of four-year colleges, while others were 
so weak as to have discontinued their junior- 
college courses. The term “‘private’’ repre- 
sents, of course, a wide variety of types of pa wis at aig tek oe Ge ae ee 
control, ranging from proprietary schools 
maintained for profit at one extreme to units under complete denominational control 
at the other. 


goo 


275 


The Distribution of Junior Colleges 

A helpful basis of generalization is a consideration of the geographic distribution of 
junior colleges and of their development in the several sections of the country over the 
five-year period. Considering only data for 1927, we may note that the middle west 
led in the number of public units, reporting more than half the total number of organiza- 
tions of this type. It was followed in order by the west (almost all public units here 
being in California), the south, and the northeastern section. No section led at all 
notably in the number of units on state foundations, an interesting fact being the total 
absence of units of this type in the northeastern section. . The south led in the number 
of private units, almost a half of all the organizations of this type being reported from 
this section. It was followed by the middle west and at a farther distance by the 
western and northeastern sections. When junior colleges of all types are considered, 
the middle west and south led with approximately equal numbers; they were followed 
by the western and northeastern sections. Comparisons of the data for 1922 and 1927 
show that, when all types of units are considered, the movement made large propor- 
tionate gains in all sections. With only a few important exceptions the growth of the 
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three types of units in each of the sections was roughly consistent with the general 


increase. 

More junior colleges were reported from California, Iowa, Missouri, and Texas than 
from others. Nevertheless, the number of different states in which one or more units 
are in operation is large. In 1927 there were only 9 states without junior colleges and 
the number is probably even smaller at this writing. 


Dates of Establishment 


It was possible to obtain information concerning the year of establishment of 
junior-college work for 303 of the total of 325 units in operation in 1927. These data 
have been compiled cumulatively for each type and for all types of junior colleges, with 
the results shown in Figure 1. In interpreting these data, one should keep in mind the 
fact that they do not include junior colleges in operation some time during the full 
period represented, but discontinued prior to the school year 1926-27. Units of the 
private type are reported to have appeared first, but we may doubt whether they were 
bona fide manifestations of the junior-college movement. Increase among private 
junior colleges, nevertheless, largely determined the growth of the movement as a whole 
over a period of almost fifteen years, and outnumbered the other types throughout. 
The first examples of the public type made their appearance shortly after the opening 
of the century, but this type did not manifest rapid development until about 1914 and 
1915. Since that time the rate of its growth has been an accelerated one. Units of 
the state type were last to appear, and their increase has been slower than that of other 
types. Because the figure does not include junior colleges discontinued before 1926, it 
cannot disclose the fact that the earliest examples of the state type were in operation in 
1910 and 1911. 

The curve for all junior colleges in the figure indicates that almosi all the growth of 
these institutions has taken place during the last fifteen or twenty years. In fact only 38 
of the 303 units represented were in operation in 1912, only seventeen years ago. It 
would be difficult to overemphasize the importance of a development of such rapidity. 
One way of stressing it may be by comparison with the growth and present status of 
colleges and universities. There are listed annually in the Educational Directory of the 
United States Bureau of Education about seven hundred such higher institutions, not 
including state normal schools, teachers’ colleges, and junior colleges. This number in- 
cludes, of course, many feeble four-year institutions. It represents a development ex- 
tending over the period of approximately three centuries since the establishment of 
Harvard College in 1638. For this new organization, the junior college, virtually within 
a period of twenty years to increase the count of its representatives to more than half the total 
number of colleges and universities ts extraordinary. ‘This development could not have 
come about without the influence of fundamental forces, of which those who have to lo 
with American education should take cognizance. ‘The brief scope of this article pre- 
cludes even listing them. But the remarkable development and present status alone 
are evidence enough that the junior college must be taken seriously into account by a!! 
those who would shape the destinies of secondary and higher education in America. 


New Finish for Aluminum. A new, simple, and eheap method of giving aluminum 
a dead white finish is described by Leon McCulloch, research chemist of the Wes'- 
inghouse Electric and Manufacturing Co., in a report to the American Electro- 
chemical Society. ‘The metal is boiled in milk of lime to which a little calcium sulfat¢ 
is added. The new coating will be tested as a base upon which to apply paints and 
enamels to aluminum.—Science Service 





ABSTRACTS 


APPARATUS AND LABORATORY PRACTICE AND DEMONSTRATIONS 


The Synthesis of Urea from Carbon Monoxide and Ammonia. P. RISCHBIETH. 
Z. physik. chem. Unterricht, 42, 212-3 (Sept.-Oct., 1929).—Wohler’s synthesis of urea 
can be demonstrated in a two-hour period. (See: P. RISCHBIETH, ‘‘Quantitative 
Chemische Versuche,’”’ Hamburg, 1929, p. 96.) 

The synthesis from carbon monoxide and ammonia can be shown also in the same 
length of time. A dry gas buret 
(I) is filled with chlorine pre- 
pared pure from potassium per- 
manganate and _ hydrochloric 
acid. Another buret (II) is filled 
with carbon monoxide prepared 
pure from sodium formate and 
concentrated sulfuric acid. The 
buret filled with chlorine is 
placed in the sunlight and con- 
nected to the other buret by a 
short piece of rubber tubing. 
Both stopcocks are opened and 
all the carbon monoxide is passed 
into the first buret (I) contain- 
ing chlorine by simply lifting 
III. After a few minutes all 
the carbon monoxide has passed 
into the first buret and the 
color of chlorine has disappeared. 
The stopcocks are closed and 
the buret containing the prod- 
ucts of the reaction is turned 
upside down several times in 
order to facilitate the mixing. 
Then 2-3 ce. of concentrated 
ammonium hydroxide are intro- 
duced through a gas buret. The final solution containing ammonium chloride and urea 
is evaporated to dryness on the water-bath and the urea is extracted with absolute al- 
cohol. It can then be tested for with the standard tests. 

The following equations represent the reactions which took place: 


CO + Ch —»> COC 
COCk + 2NH; —» CO(NH:2)2 + 2HCI, 
2HCl + 2NH; —> 2NH.Cl 





Approximate quantitative results can be obtained by treating the solution with am- 
monium oxalate and cooling. Crystalline, white urea monoxalate [CO(NHp2)2.H2C.04] 
precipitates out and can be filtered off, dried, and weighed. The following example 
shows typical results obtained in such an experiment. 


100 cc. Cl. + 100 ce. CO 18°/765 mm. dry 
94.5 cc. Cle + 94.5 ec. CO 0°/760 mm. dry 
0.299 g. Cle + 0.127 g. CO 0.426 g. Phosgene 


60 

99 
21 

Urea oxalate: Theoretical quantity x te 0.451 g. 


Urea: Theoretical quantity X = 0.258 g. 


Urea oxalate found 0.31 g. 


The discrepancy found is due chiefly to the fact that urea monoxalate is slightly 
soluble. L. S. 

Combined Mercury Seal Stirrer and Reflux Condenser. T.L. Ketty. Hormone, 

3, 103 (Oct., 1929).—‘‘A Fisher bromination tube (E & A No.32708), which has a side 

rm A for the reflux condenser, is fitted with a rubber stopper B fitting tightly around 

the outside of the bromination tube. A piece of wide glass tubing C is fitted tightly over 
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the rubber stopper B. The stirring rod D is now 
fitted with a rubber stopper E, having a piece of 
glass tubing H fitting tightly over the stopper E. 
This is the sealing tube which revolves with the 
stirring rod and which must dip well below the sur- 
face of the mercury, which is in the well formed by 
the glass tube C. The bromination tube easily fits 

into a narrow-necked flask by means of a stopper. 
“This device has been used successfully in this 
laboratory in the preparation of small amounts of 
compounds prepared by the Fittig, Friedel-Crafts 
and Gattermann reactions, as one can readily pour 
a liquid into the reaction flask through the mouth 

of the reflux condenser.” 1D he On 
Automatic Filter. R. 
W. ASHWORTH. Chem.- 
Analyst, 18, 17 (July 1, 
1929).—In the diagram it 
will be noted that tube 1 
does not quite extend 
through the stopper into 
the flask A. Tube 2? ex- 
' tends almost to the bot- 
tom of A and in the funnel 
B to within 1/; cm. of the end of 1. When the liquid in B 
falls below end of 2 a slight liquid head, sufficient to start the 
flow from A, will be formed in 1. As B fills, the end of 2 be- 
comes submerged, cutting off the air 
supply displacing the liquid in A, thus 

stopping the flow. 

If it is desired to separate a heavy 
suspension from the liquid, 7 may be ad- 
justed to extend into A. Then, as the 
suspension falls down the sides of the flask B 
it will collect and build up around the exit 
tube 1, instead of going down into the 
funnel and clogging up the “e 











Automatic Filter. L.G. Dake. Chem.-Analyst, 18, 18 (July 
1, 1929).—To avoid having a rubber stopper in contact with the 
solution being filtered the author recommends the use of a glass- 
stoppered separatory funnel. The diagram is self-explanatory 
After the solution has been filtered the separatory funnel may 
be filled with distilled water and the precipitate washed. Few 
precipitates are coarse enough to clog up the stopcock and besides 
the weight of the liquid in the funnel forces the precipitate through 
continuously. DC.L, 

Design and Construction of Efficient Laboratory Air-Pressure 
Filter. H.L. KAUFFMAN AND J. B. Mutu. Chem.-Analyst, 18, 
20-1 (Sept. 1, 1929)—Detailed description for construction with 
four diagrams. DD. Cae. 

\A Simple Hydrogen Sulfide Generator, O. A. CrosBy. 

Chem.-Analyst, 18,17 (July 1, 1929).—The apparatus required 
for the H.S generator suggested includes: two rubber stoppers, 
small quantity of glass wool, a retort receiving flask, short piec: 
of rubber tubing, and some 
glass tubing. 

Glass wool is inserted 
at the neck on the flask 
and is used as a retainer 
for the ferrous sulfide at A. 
A solid rubber stopper is 
inserted at the mouth of 
the neck to retain the FeS 




















Vou. 7, No. 1 ABSTRACTS 189 


ind a small one-hole rubber stopper with a short piece of glass tubing is inserted 
at the opening D. ‘This serves as the lead-off for the H.S. Dilute HCl is kept in re- 
serve at C. ‘To operate merely lower the neck of the flask and the acid runs in through 
the glass wool to the FeS. When through using raise the neck so that the acid drains into 
the bowl and there will be no waste of gas or materials. 

The advantages claimed for this generator are: (1) more efficient than the Kipp; 
(2) cost is small—$1.65 as compared to $12 for a Kipp; (3) can be set up at convenient 
places in the laboratory; (4) can be set into a chalk box or similar container and take 
up very little room. Er CLE. 

Automatic Siphon-Filter Device. A. Vor- 

HIES, Jr. Chem.-Analyst, 18, 18 (Nov. 1,  ————S 
1929).—‘‘The accompanying drawing shows a : 
way of combining siphon action and filtration 
in a manner that is perfectly automatic and 
self-regulating. The siphon may be started 
by blowing into a rubber tube temporarily 
slipped over the end of air-tube a. Once the 
liquid begins to pour into the funnel through 
liquid tube 6, the rubber tube is removed from 
the end of tube a. If the liquid filters slowly 
the funnel will fill by siphon action until the 
level of the bottom of tube a is reached. 
Automatically the siphon ceases to work. 
Further filtration then lowers the level in the 
funnel below the opening of tube a, and siphon 
action is once more resumed until the bottom 
of tube a is again sealed with liquid. : 

4 “This arrangement can of course be ex- 
tended to use with a Buchner funnel for suction 
filtration.” Er: €. bE. 

A Safe, Conven- 
ient Method for 
Transferring Gas- 
Measuring Tubes. R. E. Dunspar. Chem.-Analyst, 18, 15 
(July 1, 1929).—An ordinary */,-inch iron or brass deflagrat- 
ing spoon with 15-inch handle, from which the bend has been 
removed, slipped over the end of the tube, while under water, 
is recommended for transferring gas-measuring tubes from one 
vessel to another. Er CIEL. 

A Non-Splash Bottle. J.C. Bamar. Chem.- 
Analyst, 18, 18 (July 1, 1929).—The wash bottle 
recommended differs from the ordinary one in A 
having the outlet tube somewhat larger and fitted 
at the lower end with a Bunsen valve inside the 
tube. In the drawing, A is the lower end of the 
delivery tube made somewhat smaller at the bot- 
tom. B is a rubber tube inside the glass tube 
which is turned back over the lower end of the 
glass. C C C are slits in the rubber tube for the 
passage of the water. D is a short piece of glass 
rod to close the end of the rubber tube. 

It is better to have several short slits in the 
rubber tube than one long one. DCF, 

Small Laboratory Hydrogen Sulfide Outlet. 
W. A. BacuEe. Chem.-Analyst, 18, 16 (July 1, 
1929).—It is recommended that the liquid through 
: which the H2S is to be passed be placed in an 

Erlenmeyer flask fitted with a rubber stopper, provided with inlet and outlet 
“tubes. The latter is connected with a long rubber tube which passes out of 
the window to a point about a foot below the sill. D.C. Eb. 

An Improved Pipet. H. James. Chem.-Analyst, 18; 18 (Sept. 1, 
1929).—‘‘A pipet which will give excellent service can be made from a piece 
of glass tubing which has an internal diameter of about’4 mm.* Hold the 
glass tube vertically with one end in a hot flame. The"end will soon fuse 
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shut. Rotate the tube in the flame until a drop of glass begins to form on the end, 
then allow the tube to cool. Break off the drop-like end at the proper place and 
smooth off the tip thus formed with emery cloth. The resulting pipet has a fine point 
with a very thick wall.” D-CoL. 

An Improved “Steaming-Out”’ Device. J.CorNoc. Chem.-Analysl, 
18, 17 (Sept. 1, 1929).—‘‘The funnel part of the device here pictured 
was obtained by cutting the bottom from a 250-cc. Erlenmeyer flask. 
The cross-hatched areas represent rubber stoppers. The narrow parallel 
lines represent 6 mm. glass tubes. : 

“Tf water is placed in the flask and boiled, the steam passes out 
only through the straight tube, because the lower end of the curved one is 
submerged. The steam passing through the straight tube may be used to 
“‘steam out” a beaker or other hollow apparatus inverted over the opening. 
Much of the condensate falls into the funnel and is periodically siphoned 
back into the flask whenever the water in the funnel rises above the curved 
tube. Vessels may be steamed continuously for hours without the addition 
of more water to the flask.”’ De C.k, 

Prevention of Flask Bumping during Boiling. H. L. SKINNER. 
Chem.-Analyst, 18, 8 (Sept. 1, 1929).—-The author proposes the addition 
of a little hydrogen peroxide, in such cases where the slight oxidizing 
(or reducing) action would not interfere with the process. The slow 
liberation of oxygen furnishes nuclei for the formation of steam bubbles 
and bumping is prevented much more effectively than with the com- 
monly used glass beads. This method has the disadvantage that the 
hydrogen peroxide soon decomposes and must be renewed from time to time. D.C. L. 

A Practical Use for Broken Funnel 
Tubes: Base for Test Tubes. 0. A. 
Crossy. Chem.-Analyst, 18, 21 (Sept. 
1, 1929).—With file, cut broken funnel 
at apex and smooth edge with wire 
gauze. Anneal glass and while the 
glass is soft make a flange by using a 
file or pointed piece of metal (Figure 1). 
If it is desired to have the test tube 
permanently attached to this base, 
heat both to a yellow heat and weld 
(Figure 2). This base is practical for 
it is not easily tipped over. D. C. L. 

Hydrofluoric Acid Boxes Used for 
Microscope Camera. H. SpurRIER. 
Chem.-A nalyst, 18, 16 (Sept. 1, 1929). 
The adaptation of two hydrofluoric acid 
boxes for a successful microscope cam- 
era is described in detail. D.C. L. 

Electric Cutter for Glass Tubing and Bottles. R.B. Waites. Chem.-Analyst, 18, 
23 (Sept. 1, 1929).—Details given for making an electric cutter for nnn tubing 
































To Prevent Loss of Stoppers in Stopcocks. C. E. RONNEBERG. Chem.-Analyst, 
18, 16 (Nov. 1, 1929).—To replace the customarily used string or rubber band used it 
an attempt to keep ground glass stoppers with their original seats the author suggest 
the use of fine brass chain, known to hardware trade as ‘‘single jack brass chain’’ No. 21 
for burets and a coarser chain, No. 18, for reagent bottles. ) 5 aOR 

Reclamation of Silver from Residues. L. C. Case. Chem.-Analyst, 18, 14 (July 
1, 1929).—*‘‘ Dissolve the silver chloride residues in strong ammonia, then add a saturated 
solution of sodium hydrosulfite until no more precipitate forms. ‘This precipitate is 
composed of fine flakes of silver. Filter and wash in a large Gooch crucible. Pow 
concentrated nitric acid through the filter until the precipitate dissolves. The filtrat: 
is evaporated to dryness and baked for two hours at 110° to eliminate excess acid. The 
dry salt may be weighed and made up to desired strength. Filtration of these solution: 
is generally necessary before standardization.” DC. k. 

Prevention of Overtitration. A. H. Moopy. Chem.-Analyst, 18, 11 (Sept. 1 
1929); cf. THis JouRNAL, 6, 797 (Apr., 1929).—‘‘Into the titrating flask or beaker is 
placed a glass tube of suitable size to hold the desired quantity of reserved solution being 
titrated. The top of the tube is fitted with a short length of rubber tubing with at 
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‘ached pinch cock, clamp, stopcock, or preferably glass bead valve. At the beginning of 
he titration part of the solution is drawn up into the tube and held by closing the pinch 
cock. 

‘‘When the main body of the solution has been titrated the pinch cock is opened, the 
rubber tubing removed and the tube rinsed with distilled water both inside and out and 
then removed. ‘The titration is then carefully completed. 

‘The method is of special service when an outside indicator is being used, saving the 
added work of an extra titration ordinarily used to determine the approximate end-point. 
Sufficient solution is reserved to exceed the last added increment of titrating solution.” 

© Be 

A More Efficient Method of Preparing Molybdate Reagent for Phosphorus Pen- 
toxide Determinations. J. Cowman. Chem.-Analyst, 18, 7 (Nov. 1, 1929).—To 
prevent ‘‘caking”’ when the concentrated ammonium hydroxide solution is added to the 
molybdic acid suspension, rapidly whirl the latter with a stirring rod during the addition. 
The author prepares 12-liter volumes of this solution according to these directions and 
encounters no difficulty with the solution of the molybdic acid. ey Cok. 

A Book Support for the Chemical Laboratory. M.G.MeE.ion. Sch. Sci. & Math., 
29, 728-30 (Oct., 1929); see THIs JOURNAL, 6, 162 (Jan., 1929).—Illustration and de- 
scription of a device to hold laboratory manual while in use in laboratory so as to save 
time, economize on space, and prevent damage to manual. B..B.B. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS; CURRICULA 


Supervised Study in Chemistry. B. F. Lamont. High-Sch. Teacher, 5, 282 
(Oct., 1929).—Reading is of prime importance in any method of study. The supervised 
study period offers opportunities to the teacher to improve the method of reading on 
the part of the student. In order to learn. the student must first comprehend, which in- 
volves the power of visualizing the material.read and of interpreting it from personal 
experience. A science depends on the laboratory, to a large degree, for a suitable back- 
ground of experience. Chemistry necessitates the learning of a new vocabulary; fre- 
quent vocabulary drills then are an aid to the student in grasping such material. Train- 
ing in reading with a definite purpose, and getting at the key points of a sentence and 
paragraph rapidly are essentials to successful study. Finally, it is helpful to summarize, 
and to review. 

The author fias suggested the following devices which have proved helpful to him: 

1. Always make a clear concise assignment of the newlesson. Motivate it, and teach 
students how to attack the new problem. 

2. Overcome the student’s reluctance to search beyond the textbook for information. 
Have reference works near at hand. 

3. Give a word of encouragement to the faithful pupil and of censure or warning to 
the poor pupil. 

4. Habituate pupils to drill themselves; it is not amiss to teach them the laws 
of habit formation. 

5. Teach proper methods of memorizing. 

6. Give frequent diagnostic tests; point out to weak pupils their specific weaknesses 
in chemistry. 

7. During the supervised study period take your weak pupils and review and drill 
them to overcome their weaknesses. 

8. Try to make the subject matter meet the needs of the individual pupils. Give 
maximum, average, and minimum assignments. 

9. Furnish your pupils with a list of good study habits. 

10. Give training in good methods of silent reading. A number of good exercises are 
suggested for this purpose. HE. T; B. 

Balancing Chemical Equations. W.H.Hammonp. Chem.-Analyst, 18, 14 (Nov. 

|, 1929).—A general method is suggested employing ele mentary algebra for the balancing 
of any chemical equation, however difficult. Dp. ©. &. 

The Elements of the Last Series of the Periodic Table. Orro Hann. Z. angew. 
Chem., 42, 924-9 (Sept, 14, 1929).—The last horizontal series of the periodic table is 
very incomplete. Most of its 32 members are unknown. ‘Three reasons have been sug- 
sested why this series ends with uranium, element No. 92. 

1. V. M. Goldschmidt (‘‘Geochemische Verteilungsgesetze der Elemente,” II, 1924, 
». 23) considers the possibility that there are higher members of this series, perhaps the 
homologs of the platinum metals, namely, elements Nos. 94-96. ‘These elements 
exist only very sparingly or not at all at the surface of the globe but may occur to a much 
larger extent as siderophile elements in the iron-nickel center of the earth. Gold- 
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schmidt distinguishes between siderophile, chalcophile, and litophile elements according 
to whether they occur essentially in the iron-nickel center of the earth, or the higher sul- 
fide melt, or in the silicate melt below the surface. According to Goldschmidt, ele- 
ments with the atomic numbers 119 and higher are litophile. Their existence is very 
questionable. If he be correct about the existence of these elements, then elements 
Nos. 94-96 should possibly be found in certain platinum ores at the earth’s surface. So 
far there is no experimental support for this theory. 

2. Other reasons for the absence of the elements above uranium are based on the in- 
stability of the arrangement of their atoms. It has been proposed [S. Rosseland, Nature, 
III, 357 (1923); W. Kossel, Naturw., 16, 298 (1923) ] that in the case of these elements, the 
electrons of the most central electron orbit or of the highly elliptical orbits of higher 
levels come so close to the inner kernel that they attract each other, fall into the kernel, 
and thus decrease the charge. 

3. E. Rutherford [Proc. Roy. Soc., London, 123, 373 (1929) |] suggests a particular in- 
stability of the kernel of the atoms which is based on Aston’s latest experiments on the 
deviation of the atomic weights from the whole number. Rutherford assumes that 
helium particles are the building stones of the higher elements. Aston calculates from 
his experiments that the average mass of the helium particles in the elements of atomic 
weights between 120 and 200 is about 4.005 while it is 4.011 for ordinary, doubly charged 
helium. From the equivalents between mass and energy it follows that a helium par- 
ticle with a mass larger than that of the ordinary particle has a higher energy value. If 
such a helium particle should suddenly appear as ordinary helium outside of the kernel 
then it must have lost in mass while energy was liberated. From the atomic weight 200 
on, the energy content of the kernel increases very rapidly. Therefore uranium and 
thorium disintegrate voluntarily with the evolution of energy. Hence, it is very possible 
that on account of the increase in mass of the helium particles the higher elements be- 
come so unstable that they are not capable any more of existence. 

From the frequency of the elements in this series, the author reasons that radium is 
not the only representative of element No. 88 but that there should be another inactive 
or very little active eka-barium which may occur in the earth’s crust independently from 
uranium and thorium. Experiments to isolate this element [O0. HAHN AND K. Dovust, 
Z. Phys. Chem., 139, 143 (1928) | from 220 kg. of barium bromide prepared from witherite 
were unsuccessful. From the negative results of the spectroscopic determinations it 
can be calculated that the concentration of the inactive isotope of radium in this mineral 
is certainly not more than 2 X 10~!°, Any further search for this element seems to be 
futile as it can hardly be expected that any other mineral contains it in larger quantities. 

As this search for a stable or slightly active eka-barium was unsuccessful it seems 
probable that the chances are very slight for the existence of primary elements with odd 
atomic numbers in the last series of the periodic table. Therefore, if the elements eka- 
tantalum, eka-lanthanum, and eka-caesium exist at all, they must be extremely rare. 
Hence it follows that uranium and thorium are the only known independent elements of 
the last series of the Periodic Table. There is little hope to find any others. 

The author discusses also eka-caesium, protactinium, and actinouran, the probable 
source of the protactinium series. SF 

The New Periodic Table and Atomic Structure. I. W. D. Hacku. Chem. News, 
139, 275-8 (Nov. 1, 1929).—A chart with a detailed description of the proposed ar- 
rangement. The elements are divided into Divisions A and B, the difference between 
these two being that all elements belonging to the former differ only by the electron 
arrangement of one, namely the outermost shell or orbit; while the elements of the latter 
involve the electron arrangements of two (or three) shells or orbits. BD: CG. sy. 

Data on Reagents. C. J. SCHOLLENBERGER. Chem.-Analyst, 18, 8 (Nov. |, 
1929).—Time required for calculations may be saved by hanging in a convenient place 
in the laboratory a chart containing commonly needed information on various reagents. 
Such data would include molecular weight, average sp. gr. of conc. reagent, grams active 
ingredient per ml., normality of conen. reagent, ml. conc. reagent per liter for norm:! 
solution, ml. to dilute 500 for use as dilute reagents (5). D, CuL. 

Some Aspects of Chemical Equilibrium. G. H. Burrows. Rept. N. E. Assov. 
Chem. Teachers, 31, 8-12 (Sept., 1929).—The chemical equation tells how much of 4 
desired substance may be gained, only in case the reaction continues to completion, and 
if no side products are formed. 

It is most helpful to look upon equilibrium as the state of things when two oppositig 
changes have become of equal velocity. 

When the temperature is raised, equilibrium is shifted in the direction that is a:- 
companied by absorption of heat. O:-C. 
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Association of Chemistry with a Few Practical Problems. O. J. McGarrican. 
Rept. N. E. Assoc. Chem Teachers, 31, 13-7 (Sept., 1929).—Tells of work of high-school 
pupils in testing samples of ink from school supply houses and other sources. Other 
pupils manufactured ink from various formulas. 

Aqua ammonia sold in the grocery store for house use has been analyzed. Also vine- 
gar, milk, ice cream, and gasoline. 9 Ag ae 

The Excursion Project. I]. F. F. Garruer. Educ. Screen, 8, 230-1 (Oct., 
1929).—In a preceding article [see TH1s JouRNAL, 6, 1361 (July-Aug., 1929)] the 
author discussed some characteristics of the excursion project; in this paper he considers 
ways and means of initiating and carrying forward such,a project. Attention is given 
to ways of making sure that the choice of project is that of the pupils; that it is usable 
in the school’s locality, and that the teacher has definite suggestions to follow in planning 
for the enterprise once it has been decided to embark upon it. BC. 

Visual Methods in Science Teaching. H.C. McKay. Educ. Screen, 8, 196-200 
(Sept., 1929).—This paper tells in some detail how the amateur may make his own 
photomicro-films. Specifications are given for the type of microscope, beam splitter, 
camera, lamp, and supports. C.F 

The Use of Moving Pictures in the Teaching of Certain School Subjects. T. M. 
CaRTER. Phi Delta Kappan, 12, 76-9 (Oct., 1929).—Starting with some principles of 
psychology basic in analyzing moving pictures for their promise in serving educational 
ends, the author proceeds to apply those principles to such school subjects as: geog- 
raphy, history, zodlogy, agriculture, and technical subjects. 

Some of the principles enumerated are: (1) the mobility of the image hinders the 
perception of form. (2) Moving images give better notions of relative and of group 
movements than of individual movements. (3) If form is the element of instruction 
that is being emphasized, the slide is better than the movie. (4) Verbal instruction 
should precede rather than follow the visual, aid. 

The author frankly admits that ‘“‘we have dealt more with limitations and shortcom- 

ings of the moving picture than with the possibilities which it possesses.’’ B.C. H. 
__ Shall Laboratory Work in the Public Schools Be Curtailed? W. C. Croxton. 
Sch. Sci. & Math., 29, 730-3 (Oct., 1929).—Reply to a criticism made concerning an 
article which suggests that adequate data are not yet available upon which to base 
recommendations for substituting lecture demonstrations for other forms of laboratory 
procedure involving a greater amount of student time. B. Bi. 5. 

How Develop a Useful School Library. T. F. Tyner. Neb. Educ. J., 9, 472 
(Sept., 1929).—A superintendent of a small school tells how, with a few books as a start, 
he has built up a library of over seven hundred volumes which serves not only the school 
but the community as well. The clerical work for the library is handled by high-school 
gitls who are trained by the superintendent and the retiring librarian. The local Wom- 
an’s Club has been active, in the community referred to, in providing funds and helping 
to choose books for the library. A state traveling library is a regular visitor in that com- 
munity. B.C... 

Recent Developments in Curriculum-Making in Denver. A. K. Loomis. Progr. 
Educ., 6, 262-3 (Sept. -Oct.-Nov., 1929)—The present program in curriculum-making 
in Denver began in the school year 1922-23. The first round of revision was practically 
completed in 1928, the results of which are published in monograph number twelve. 
During the second semester 1927-28 seven hundred fifty classroom teachers coéperated 
in the appraisal of thirty-four new courses of study, and a thorough program of testing 
was used in measuring pupil achievement under the new courses. Work is now under way 
looking to the complete analysis of the specific objective of education in the Denver 
Schools. The newer courses of study emphasize the broader concepts, attitudes, and 
understandings which give purpose to the more easily measurable knowledge and skills. 
The results of the testing program seem to indicate that increased emphasis on the 
broader concepts, attitudes, and understandings has resulted in no less efficient work in 
the skill and knowledge objectives. C.. Mi... 2: 

The New Course of Study in Science of New York City. Epir. School, 51, 


Superintendent O’Shea are: ‘‘It stresses items which occur r most frequently; it stimu- 
lates experimentation; it recognizes practical teaching problems by adjusting time 
allotments,....(and) by providing for the “‘slow’’ as well as the ‘‘bright child.. 
Stressing, as it does, the experimental approach, the new course... (seeks to develop) 
that most important objective of science instruction. ..., the scientific habit of mind.” 
It is suggested that the boy or girl, who has truly caught the scientific attitude toward 
the appliances which the ingenuity of our scientists has placed at his disposal, better 
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understands the same spirit in Lindbergh when he speaks of himself and his plane as 
We.” BC, FH. 
KEEPING UP WITH CHEMISTRY 


Particle Size _ the Properties of Matter. H. A. NEVILLE. Chem.-Analyst, 18, 
-5 (Sept. 1, 1929); 4-5 (Nov. 1, 1929).—The way in which the size of particle may mod 
ify considerably the pil rties of either naturally occurring or artificially produced sub- 
stances is brought out in these two articles. The variations of such properties as solu- 
bility, color, sedimentation, vapor pressure, density, and chemical activity with particle 
size and the significance of these relations are briefly discussed. Dp, Cok, 
Vanadium and Some of Its Industrial Applications. J. ALEXANDER. Chem. & 
Ind., 48, 871-8 (Sept. 6, 1929) and 895-901 (Sept. 13, 1929).—Vanadium, named by 
Sefstrém in honor of Vanadis, the Scandinavian goddess of youth and love, was really 
discovered by a Mexican in 1801 who called it erythromium. ‘The chemistry of vana- 
dium is as complex as the chemistry of carbon. ‘The principal uses of the metal at the 
present time are, as a catalyst, in ferrous and non-ferrous metallurgy, in pharmacy and 
therapeutics, in agriculture, photography, and in the manufacture of glass. A classified 
bibliography of over 200 references is appended. E. R. W. 
The ger Use of Beryllium in Aircraft Construction. H. W. Gmwerr. Can. 
Chem. & Met., 276 (Oct., 1929).—Some study of light alloys consisting primarily of 
beryllium is por before this metal can be classed as an actual material for aircraft 
construction. D.C. k, 
The Production and Uses of Beryllium. K.Inuic. Chem. Age (Mo. Met. Sect.), 
21, 17-8 (Sept. 7, 1929).—Beryllium is prepared by the electrolysis of a fused mixture 
of sodium-beryllium fluoride and barium-beryllium fluoride, at a temperature above 
1300°C. Pure beryllium is a coarsely crystalline metal, brittle and hard enough to 
scratch glass. It may be alloyed with other metals; the alloys with aluminum, copper, 
nickel, cobalt, and silver have been briefly studied. The heat treatment and electrical 
conductivity of some alloys are discussed. E. R. W. 
Basic Industrial Minerals: No. 8. Ultramarine. G. M. Dyson. Chem. Age, 
31, 255-6 (Sept. 21, 1929).—This article treats of the occurrence, the color and structure, 
and the synthesis of ultramarine. BE R.OW: 
Lime Process for Coating Aluminum. IL. McCuntocn. Can. Chem. & Met., 13 
271 (Oct., 1929).—A brief discussion of the process and description of coatings produced. 
DD Cou; 
Thermal Efficiencies of Aluminum Saucepans. C. LANDRETH AND Mrs. R. O 
Hurcuinson. J. Home Economics, 21, 599-604 (Aug., 1929).—Relative efficiencies of 
light and heavy aluminum ware were de termined by (1) rate of heating, (2) retention of 
heat, (3) proportion of water evaporated during cooking process, (4) durability, and (5) 
cost. As results of this study it may be assumed that (1) the thermal efficiencies of light 
and heavy cooking utensils are the same. (2) The loss of water by evaporation is a func- 
tion of the fit of the lid and not the thickness of the wall. (3) The difference in cost be- 
tween well-constructed light and heavy aluminum ware can only be justified on the 
grounds of greater durability. R. A. B. 
Nickel Mesh in the Radio Grid Tube. C. C. Consy. Jnco, 9, 10-1 (1929). 
A radio tube which was only brought out this year, but which has become one of tlic 
most important of the line, is known as the UY-224. The outer grid of the UY-224 is 
one of its most distinctive features, as only two other tubes possess such an element 
Nickel is used in making this mesh largely because the Monel which was used in earlics 
tubes would not stand the high temperatures necessary to drive the gases fully from the 
metal during tube evacuation. Other properties which render nickel acceptable fot 
this use are; its pliability, its immunity to tarnish, its high melting point, its ease ol 
spot-welding, and its high purity at reasonable cost. B.C. i. 
Rich Mineral Deposits Await Development in Algeria. J. BRuSSET. Explosiv 
Engineer, 7, 217-23 (June, 1929).—Algeria is characterized by the fact that she has n» 
coal deposits and no gas-oil. Only a very narrow strip of the coast is really in contac! 
with the outside world. The Atlas mountains are highly mineralized but practicall 
unexploited. Up to the present the whole of the mines production is exported—consist 
ing chiefly of iron ore and phosphate rock. High-grade zinc and lead ore are now bein 
mined also. Distance, lack of men, and lack of power present the three major difficultie: 
Hydroelectric power is being rapidly developed. The article is profusely illustrated. 
R.A. B: 
Metal Spraying. L. Pressey. Chem.-Analyst, 18, 4-5 (July 1, 1929).—Th 
metallurgical and chemical aspects of the process of metal spraying are summarized a 
follows: 





VoL. 7, No. 1 ABSTRACTS 195 


“Any metal obtainable in wire can be sprayed. ‘The spraying tool, weighing three 
pounds, contains a feeding mechanism, driven by compressed air, which feeds the metal 
wire automatically toward the tip of a nozzle, where it is molten by an oxygen-acetylene 
flame. As soon asa drop of metal forms, it is instantly atomized by compressed air and 
impacted upon the surface to be coated. Metal coatings can thus be formed on prac- 
tically every surface, provided it is clean. Sandblasting has proved to be the best 
preparation of the surface.’ 

These metal coatings can be built up to any desired thickness, from 1/1000th of 
an inch up to an inch or more. 

The most important metals which have been successfully sprayed are zinc, cadmium, 
aluminum, magnesium, tin, lead, copper, nickel, iron, stainless steel, Monel, bronze, 
brass, and German silver. Comments on each, including advantages and disadvantages, 
are included in this short article. BE C..8. 

Some New Carbon Blacks. W. B. WIEGAND. Can. Chem. & Met., 13, 269-70 
(Oct., 1929).—Some new varieties of carbon black are described which are claimed to 
be purer than the old ones. This purification has, contrary to experience with ‘‘ad- 
sorptive” carbons, been combined with a reduced, instead of increased, adsorptive ac- 
tivity. 13 YS 

Recent Advances in the Low-Temperature Preservation of Foodstuffs. T. Moran. 
Chem, & Ind., 48, 245T-51T (Aug. 23, 1929).—Living foodstuffs (fruits and vegetables) 
have different optimum temperatures for storage, due probably to the different tempera- 
ture coefficients of the chemical reactions which predominate in the living system. Re- 
sults of researches on several fruits are given. With dead foodstuffs (animal products) 
the most favorable temperature has been found to be 36-38°F. The principal func- 
tions of low temperature here are (1) to slow down the action of molds, (2) controlling 

the extent of structural change in tissues during freezing and thawing. The control of 
humidity is very important, a high relative humidity permitting the spoiling of food, 
even in the frozen state, by mold. E.R. W. 

Influence of Heat upon Water Absorption of Certain Dried Fruits. H. B. THomp- 
son AND G. C. Burk. J. Home Economics, 21, 593-8 (Aug., 1929).—Since the cook- 
ing properties of dried fruits depend upon the absorption of a large part of the water 
lost in the previous desiccation, the authors studied the conditions which promote such 
absorption [see A. W. Knapp, ‘‘The Drying of Vegetables,’’ J. Soc. Chem. Ind., 45, 
123-8 (1926)].* 

The authors found that long soaking in cold water is not an aid in the cooking of dried 
apples, apricots, figs, and prunes (the only ones tested). Immersion in hot water (80°- 
boiling) for a short time results in maximum water absorption, favors a shorter cooking 
period and yields a superior product. R.A 

Tung Oil. LL. A. Jorpan. Chem. & Ind., 48, 847-55 (Aug. 30, 1929).—Tung oil 
is an essential raw material in varnish manufacture. At present China controls the 
world’s supply, although it has been shown that it may be successfully produced in the 
United States. A bibliography of over 150 references is included. E. R. 

Industrial Water. ANon. Silicate P’s & Q's, 9, 1-2 (Tenth Month, 1929).— 
Water 98% pure is not attractive to one who is informed in such matters. New York 
City’s water is 99.995% pure and still is “‘hard’’ enough to be objectionable for industrial 
purposes. It is estimated that the soap wastage in softening water that may be but 
99.97% pure because of hardness would amount to about $100.00 per day for a city of 
40,000 people. 

Since the benefits of soft water are felt by every individual using it soft water is com- 
ing to be considered a strong civic asset. City after city is giving thought to softening 
its water. South Orange, New Jersey, is one city which has made a water-softening 
installation. Over 900,000 gallons of water are passed through the three Doucil softeners 
per day. This softening unit does its work so well that hard water actually has to be 
added, after the softening, to raise the hardness to the standard, 26 parts per million, 
which has been found to do least damage by corrosion. B; Cor 

Cyanamid, Its Uses as a Fertilizer Material. F.E. Auuison. Chem. News, 139, 
199-201 (Sept. 27, 1929).—A brief discussion of the manufacture and properties of 
cyanamid. Fertilizer practices in Europe and the United States, transformations in the 
vil, and cyanamid in mixed fertilizers are other topics discussed. M. W. G. 

Early Chemical Processes in Rayon Production. Chem. News, 139, 212 (Oct. 
4, 1929).—It is noted that the chemical methods originally employed for coagulation and 
finishing of the yarn are with minor modifications now employed for the production of 
“cellophane or transparent paper.”’ M. W. G. 

300 Miles to the Gallon. W.G. SHEPHARD. Colliers, 84, 10 (Oct. 5, 1929).— 
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Experts have stated that there are only nine billion barrels of oil in the earth and that 
ten years will see the end of it at the present rate of use. This, however, does not worry 
the motor car manufacturer and need not worry the user. 

Over four times more gasoline power is being obtained from crude oil than fifteen years 
ago. All automobile engines are being constructed so as to give more mileage. Still 
more improvements can be expected as the need arises. 

Engines have been operated on butter fats, on animal oils, on fish oils, and alecohol— 
and some of these gasoline substitutes will be developed when the price of gasoline be- 
comes too high. J. W. H. 

The Use of Power in Chemical Industries. C. M. A. Sting. Chem. Age, 31, 
237 (Sept. 14, 1929).—‘‘Because of lack of power development, in China 85 workers out 
of every 100 are needed for producing the necessities of life, whereas in the United States, 
due to the developed power per capita, 15 workers produce the necessities of life, while 
the other 85 are left for producing the luxuries and other items making life in the United 
States so desirable.’ E.R. W. 

Science in Industry. G. Eciorr. Chem. Bull., 16, 274-6 (Oct., 1929).—The 
world has turned to the research worker for aid in devising new methods, and the research 
man has responded in a most gratifying manner. New industries are born, and others 
given a new lease of life, by single discoveries. For others the death knell is sounded 
unless they, too, make use of this new factor. 

A number of examples showing what research, chemical research in particular, has 
done, are cited in the oil, automobile, and paint and varnish industries. ‘There is great 
need for research in the coal industry, and it is felt that this field offers excellent op- 
portunities. ‘The lesson to industry, big and little, is to prepare and enlist science as its 
ally.’’ j 3 (is ig 2 

Chemistry in Daily Life. C. M. A. Stine. Sch. Sci. & Math., 29, 751-3 (Oct., 
1929).—A brief article noting the chemistry of some of the materials involved in a day’s 
work and pleasure. B. Ee. 5. 


SCIENTIFIC REVIEWS 
Theories of Liesegang Rings and Periodic Precipitation. N.R. Duar anp A. C. 


CuHatTreryI. Chem. & Ind., 48, 878-80 (Sept. 6, 1929).—A review of several of the exist-. 


ing theories as to the cause of periodic precipitation. E.R. W. 
Effect of Water as a Promoter of Chemical Reactions. G. R. GrpyE. Sci. 
Progr., 24, 248-62 (Oct., 1919).—A historical account is given of the study of the effect 
of water in chemical reactions, beginning with the observations of Mrs. Fulhame in 
1794 and concluding with present-day investigations. The author brings out that the 
surface theory and the ionization theory may not be antagonistic, and that further re- 
search is likely to show that in many reactions there are adsorption and deformation 
at the surface of the vessel, while in others water forms or stabilizes ionic reaction centers. 
In some cases both effects may exist and in others water may enter into the chemical 
reaction as a participant, as in the oxidation of carbon monoxide. An .-C. 
The Early History of the Synthesis of Closed Carbon Chains. W. H. PERKIN. 
J. Chem. Soc., June, 1929, 1347-63.—First Pedler Lecture delivered before the Chemical 
Society, May 30, 1929. "A review of the field with particular reference to Perkin’s 
work. M. W.G 


HISTORICAL AND BIOGRAPHICAL 
Benjamin Silliman. Am. J. Sci. & Arts, 2nd Series, 39, 1-9 (May, 1865).—Ben- 
jamin Silliman was the founder of the American Journal of Science and Arts in 1818 
and was actively engaged in editing it until his death in 1864. 
This account contains an outline of his career and a tribute to his memory. 
M. W 


Benjamin Silliman. See ‘Tuts JoURNAL, 2, 839-41 (Oct., 1925).—An article on the 
“Life and Chemical Services of Frederick Accum” by C. A. Browne contains an account 
of Silliman’s reminiscences of his studies with Accum in London. Full-page portrait. 

M. W. G. 


Benjamin Silliman, 1779-1864. D. QLLEFFER. “Eminent American Chemists,” 
D. Killeffer, 19 East 24th St., New York City, 1924, pp. 3-4.—A brief tae 5 sketch 
and portrait. .G. 
Benjamin Silliman, Sr. W.T. Reap. Ind. & Eng. Chem., 15, 204-5 (red. 1923).— 
Portion of an article on ‘“‘Pioneer Yale Chemists.” A brief biographical sketch. 
W.G. 


To Commemorate Benjamin Silliman. Ind. & Eng. Chem., 15, 24 (Jan., 1923).— 
A brief biographical sketch. M. W. G. 
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Silliman the Elder. E. F. Smirn. Ind. & Eng. Chem., 15, 465-6 (May, 1923).— 
Portion of an address on ‘‘The History of Chemistry in America, with Special Reference 
to Yale’’ delivered on the occasion of the dedication of Sterling Chemistry Laboratory 
in 1923. Interesting comments upon Silliman’s friendship with Hare, and an account 
of his teaching career. M. W. G. 

Memorial Lecture on August Kekulé. H. WiIkLanp. Z. angew. Chem., 42, 
901-4 (Sept. 14, 1929).—An account of the life of August Kekulé and his contributions to 
chemistry. There are also two full- -page portraits of Kekulé taken from the book ‘ ‘Aug- 
ust Kekulé”’ by R. Anschiitz, Verlag Chemie, Berlin, 1929. 

The Riddle of Benzene: August Kekulé. H. E. ArMmstTronc. Chem. & I nd., 
48, 914-8 (Sept. 20, 1929).—An intimate account of the life and work of Kekulé written 
on the 100th anniversary of his birth. The development of our knowledge of benzene 
and the value of Kekulé’s contribution to chemistry is outlined. E. 

Heinrich Beckurts. J. TrokcER. Chem.-Zitg., 53, 757 (Sept. 25, 1929).—A 
biography. B.S. 

Professor Heinrich Beckurts. Opsiruary. Nature, 124, 700 (Nov. 2, 1929).— 
Dr. Heinrich Beckurts, who resigned the chair of pharmaceutical and foodstuffs chem- 
istry at the Technische Hochschule at Brunswick in 1925, died suddenly on Sept. 15th 
at Bartgeheide, near Hamburg. From the Chemiker-Zeitung we learn that Prof. 
Beckurts was born at Brunswick in 1855. He graduated at Jena, and in 1877 was ap- 
pointed an assistant at the Institute of Pharmaceutical Chemistry at Brunswick, where 
in 1885 he was elected to the newly founded chair, which he retained for forty years. 
At the same time his former chief, Dr. Robert Otto, who had been professor of general 
and pharmaceutical chemistry, remained as director of the laboratories. On the retire- 
ment of Otto in 1899, Beckurts became director of the Pharmaceutical Chemical In- 
stitute, and shortly afterward the title of Geheimer Medizinalrat was conferred upon him. 
This title he held until his death. 

In spite of the fact that Beckurts remained throughout his career in his native place, 
he soon achieved a world-wide reputation. It was largely owing to his connection with 
the State Department of Health that an institute for the investigation of foodstuffs 
and of water was founded at Brunswick. ‘The project received at first no financial aid 
from the state, and it was not until 1900 that his long-cherished wishes were fulfilled. 
The new institute was designed not only for the training of pharmacists, but also for 
the official investigation of foodstuffs. During his professorial career, Beckurts devoted 
himself to the training of students of pharmacy, and the number of candidates who passed 
the qualifying examination increased very rapidly as the years progressed. His ad- 
ministrative abilities received special recognition on his seventieth birthday, when the 
title of ‘Honorary Senator” of the Technische Hochschule was conferred upon him. 

Beckurts found time among his multifarious duties for considerable experimental 
and literary work. His numerous researches, which dealt principally with alkaloids, 
sulfones, nitrides, and propionic acid, were usually published in the Archiv der Pharmazie, 
which he edited in conjunction with E. Schmidt of Marburg, or in the A potheker-Zeitung, 
which was established at his suggestion. He also published a work on analytical chem- 
istry for pharmaceutical chemists, and for many years he issued the Jahresbericht fur 
Pharmazie, Pharmakognosie und Toxicologie. In collaboration with Dr. B. Hirsch he 
published a ‘‘Handbuch der praktischen Pharmazie,’ and with Dr. O. Liining he re- 
modelled Mohr’s well-known treatise on volumetric analysis. = ee 

Richard Newman Brackett. B. B. Ross. Ind. Eng. Chem., 21, 885-6 (Sept., 
1929).—Biographical. An appreciation of the services Dr. Brackett has rendered to 
Clemson College as director of the chemistry department. Portrait. Dp. €. L. 

William Higgins and the Atomic Hypothesis. J. H. Wuire. Sci. Progr., 24, 
300-6 (Oct., 1929).—Historical. M. W. G. 

The Early History of the Synthesis of Closed Carbon Chains. W. H. PERKIN. 
J. Chem. Soc., 1929, 1347-63 (June).—See abstract by same title on page 196 of TuIs 
JOURNAL. M. W. G. 

The Air-Pump, Past and Present. E. N. pa C. ANDRADE. Chem. News, 139, 
234-6 (Oct. 11, 1929); 242-4 (Oct. 18, 1929).—Historical. Brief review of modern 
vacuum pumps. M. W. G. 

First Gas Company in America Established at Baltimore. Gas Service J., 3, 

5 (Aug., 1929).—Historical with illustrations. M. W.G 


EDUCATIONAL MEASUREMENTS AND DATA 


__ Educational Tests for Use in High Schools, Third Revision. C.W.OpELL. Univ. 
of Illinois Bull., 27, 50 pp. (Sept. 17, 1929).—The first 13 pages of this Bulletin are de- 
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voted to a discussion of the present status, limitations, purposes, criteria, administra- 
tion, advantages and disadvantages of educational tests. A short list of references on 
testing isincluded. The tests listed for chemistry and general science are given herewith. 


Chemistry 


GErrRY TEsT OF HIGH-SCHOOL CHEMISTRY 

Forms A and B 

dach test consists of twenty-five exercises of various sorts which test knowledge 
of chemical terms, formulas, and other information. 45 minutes. 

Ginn and Company, 2301 Prairie Avenue, Chicago. 36¢ per 30. 

IowA PLACEMENT EXAMINATIONS, REVISED, CHEMISTRY . 

Series CA1l—Aptitude; Forms A and B 

Series CT1—Training; Forms A and B 

The aptitude test deals with certain elements of mathematical ability, compre- 
hension of selections taken from chemistry textbooks, and items of chemical and physical 
knowledge which are more or less commonly known. The training test deals with 
knowledge of chemical facts, including valence, formulas, and so forth, and the ability 
to solve equations and problems. 44 minutes each. 

Bureau of Educational Research and Service, University of Iowa, Iowa City. $3.50 
per 100. 
LYONS AND CARNAHAN UNIT DRILL TESTS IN CHEMISTRY 

The fifty-seven tests in this series deal with as many units of high-school chemistry. 
They are not standardized and are intended for practice and diagnostic purposes. 
About 45 minutes each. 

Lyons and Carnahan, 221 East Twentieth Street, Chicago; also 131 East Twenty- 
third Street, New York City. 1!/2¢ per copy. 
Powers GENERAL CHEMISTRY TEST 

Forms A and B 

The two parts of this test deal with range of information about chemistry and the 
ability to solve problems in chemistry. 35 minutes. World Book Company, 2126 
Prairie Ave., Chicago. Specimen set, 20¢; $1.10 per 25. 
RAUTH-FORAN CHEMISTRY TESTS 

Tests I and II 

These tests require the identification of substances as elements, compounds, or mix- 
tures, the giving of the correct symbols or formulas for substances, the marking of a 
number of informational statements as true or false, the filling in of completion exercises, 
and the solution of problems. Test I covers the work of the first semester and Test II 
that of the second. Test I, 45 minutes; Test II, 52 minutes. 

Catholic Education Press, Brookland Station, Washington, D.C. $1.00 per 25. 
RicH CHEMISTRY TEST 

Forms Gamma and Epsilon 

Each form consists of twenty-five exercises covering chemical information, habits 
acquired in laboratory work, ability to think and to solve numerical problems. 25 min- 
utes. 

Public School Publishing Company, Bloomington, Illinois. Sample set, 20¢; $1.00 
per 25. 

General Science 

Dvorak GENERAL SCIENCE TESTS 

Forms R-1, S-2, and T-2 

Form R-1 is designed for use rather early in the course, whereas the other two forms 
are duplicates and intended to be used near the end of the course. Each consists of 
sixty multiple-answer exercises. About 20 minutes each. 

Public School Publishing Company, Bloomington, Illinois. Sample set, 20¢; 50c¢ per 
25. 
GiLEs-THOMAS-SCHMIDT GENERAL SCIENCE EXAMINATIONS 

Numbers 1 to 22; Series A and B of each 

This set consists of one true-false and one multiple-answer test on each of eleven 
topics. These are not thoroughly standardized, but may well be used in place of teach«r- 
made tests. About 15 minutes each. 

Eau Claire Book and Stationery Company, Eau Claire, Wisconsin. Set containing 
one copy of each, 30¢. 
PIEPER-BEAUCHAMP TESTS ON EVERYDAY PROBLEMS IN SCIENCE 

Units I to XVII; Factual and Major Ideas Tests on each; Forms A and B of eac1. 
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These are not standardized tests, but are designed for diagnostic purposes in con- 
nection with the same authors’ EVERYDAY PROBLEMS IN SCIENCE. Each unit corre- 
ponds to a major objective of the course. About 15 minutes. 

Scott Foresman and Company, 623 South Wabash Avenue, Chicago: also 5 West 
Nineteenth Street, New York City; 29 Pryor Street, N. E., Atlanta; and 2013 Jackson 
Place, Dallas. -2¢ per copy; 20 per cent discount on orders amounting to $5.00 or 
more, 

POWERS GENERAL SCIENCE TEST 

Forms A and B 

This consists of seventy multiple-answer exercises arranged in three parts of slightly 
different form. 35 minutes. 

Bureau of Publications, Teachers College, Columbia University, New York City. 
Specimen set, 15¢; $2.00 per 100. 

RUCH-POPENOE GENERAL SCIENCE TEST 

Forms A and B 

The first part of this test contains fifty multiple-answer exercises and the second 
twenty exercises, each of which contains a drawing and several sentences in completion 
form dealing with the drawing. It is probably the best available test in this subject. 
1) minutes. 

World Book Company, 2126 Prairie Avenue, Chicago, Specimen set, 20¢; $1.30 
per 25. D.C. L. 

A Codéperative Study Pertaining to High-School and College Students. ANON. 
Phi Delta Kappan, 12, 71-8 (Oct., 1929).—This coéperative study was carried out in 
Kansas and involved 15,000 students and extended over a period of six years. The 
analysis was made of the progress of these students through high school and those who 
went to college were likewise followed in their work. Those who did not graduate from 
high school were studied to ascertain reasons for such withdrawal. Only forty-five 
per cent of the high-school students who scored above average in high school entered 
college. From these high schools but thirty-nine per cent of the students who graduated 
ever entered college; the majority of those so entering college dropped out before gradu- 
ating. B. €.: 
THE PHILOSOPHY OF EDUCATION 

What Next in Progressive Education? A. MEIKLEJOHN. Progr. Educ., 4, 99-110 
(Apr.-May-June, 1929).—In this article the author restates certain principles of edu- 
cation and philosophy which Dr. John Dewey had previously formulated. ‘‘Progressive 
schools,’’ says Dr. Dewey, “exhibit, as compared with traditional schools, a common 
emphasis upon respect for individuality and for increased freedom, a common disposition 
to build upon the experience and nature of the boys and girls that come to them instead 
of imposing from without external subject matter and standards. Emphasis upon ac- 
tivity as distinct from passivity is one of the common factors.’’ One’s teaching needs 
to be intellectually organized. ‘To do this, one must see to it that the contents of a 
pupil’s study are not merely a ‘“‘succession of unrelated activities but must have contin- 
uity and consecutiveness in its parts.’’ Teachers must study the conditions favorable 
to learning, must find out how to bring to bear upon the pupil such influence that study 
and learning will naturally take place. Dewey says, ‘‘Bare doing is not enough.” It 
is necessary that the teacher take charge of the situation: he must direct the pupil, 
he must plan the course of study, must give to all the learning of the student a relevance 
and orderliness which it could not otherwise achieve. The teacher is to have an intel- 
lectual program, a course of study, a curriculum. Teachers must understand what they 
are doing. ‘‘Growth of the individual’ and ‘‘Freedom of the individual’”’ are the two 
terms which best characterize the progressive method of teaching. The approach to 
knowledge, the use of knowledge in teaching must be humanistic, dominated by an in- 
terest in human beings, by devotion to their development in power and freedom. 

©, Mae PB: 

What Knowledge Is of Most Worth? D. S. Jorpan. Calif. Quart., 4, 6 (June, 
\929).—The author attempts to give a brief, definite answer to an age-old question, 
“What knowledge is of most worth?” asked him by some California boys and girls. He 
replies that the subject most important depends on the boy or girl, their purpose in life, 
aid their natural abilities. The most important thing of all is the teacher. He quotes 
the advice that Emerson gave his daughter, ‘‘It does not matter what you study, it all 
liesin who your teacher is.” Any subject worthwhile must be one the student can digest 
and assimilate, one which enables the student to find out his own facts. Personally, the 
author believes no subject offers the possibilities that biological sciences do. 

&. 
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America’s Educational Program. F. B. Rosinson. Educ. Record, 10, 166-78 
(July, 1929).—This is the chairman’s address at the annual meeting of the American 
Council on Education. The author referred to the many criticisms which have been 
so easily made and so often reiterated regarding American education, and while ad- 
mitting that many are just, the majority are petty and captious. ‘‘On the whole, Amer- 
ica has done more, through education, to develop an enlightened, free, and effective 
people than any other nation within the same span of time.’’ American educational 
progress has paralleled her industrial progress and, until recently, both have been ex- 
tensive. American education of the masses is the one most important factor in our in- 
dustrial development, reflected by our increase in wealth. The total wealth of the 
United States increased from $4,000,000,000 in 1850 to $88,000,000,000 in 1900 and 
to $355,000,000,000 in 1925. Our greatest need is for better trained teachers, both in 
cultural and technical attainments. A program must also be worked out for determining 
and putting into effect the best curriculum possible, and then financing this program as 
economically as possible. Real achievement must be the basis for advancement in 
schools, and means and devices for determining this must be worked out. C. M. P. 

Schools Can’t Educate. Epir. Colliers, 84, 70 (Sept. 28, 1929).—It is easy to 
cram and coach any bright boy to pass an examination in any given subject. Plastic 
minds of adolescents can be impressed for good or evil almost as readily as phonograph 
records. But to give lads in their teens a general acquaintance with culture that enables 
them to discuss intelligently a dozen different subjects of scientific and human interest, 
is to approach measurably nearer to the ideal of education—a mind hospitable to all 
knowledge. 

Educational experiments of all kinds are speculative and the final test of any system 
of schooling is not what it gives the student but what he takes. 

A man may win the highest academic honors and still be uneducated because he can 
store erudition like a miser without enjoying it in use. Also a man may have avoided 
books or been denied them and through native intelligence and steady industry achieve 
mental assets that make him useful and interesting and successful. SVs 

Edison. J. R. HEwetr. Gen. Elec. Rev., 32, 517 (Oct., 1929).—No two persons 
are alike; Edison as a boy showed extraordinary ability to question nature intelligently. 
‘Edison was different—he had more everlasting inquisitiveness and curiosity and dis- 
played more originality, tried more experiments, and showed more patience and perse- 
verance than any boy we have ever read or heard of. It was the possession of these price- 
less gifts combined with a character that used them to the full, that has given us the 
name we are delighted to honor. 

‘Genius and originality are both tender things in youth and can be readily suppressed 
by lack of sympathy and understanding. Education can put nothing into a skull, but 
it can train and develop what the skull contains.’’ Truly, the task of the educator is 
an important one! 1 a 3 


THE PHILOSOPHY OF SCIENCE 


The Passing of the Scientific Era. J. W.BuckHan. Rev. of Revs., 80, 148 (Sept., 
1929) (Quoted from the Century).—Science has failed to live up to expectations in ex- 
plaining the meaning of human existence. It has rather added to our uncertainty. 
“Science holding the center of the stage in our present-day colleges is accused of not 
having evolved a satisfactory type of secondary education. ‘The student is well trained 
in accuracy, patience, carefulness, and readiness to consider new factors before drawing 
conclusions but his interests are too technical and specialized, too far removed from those 
of his fellowmen.”’ G. H. W. 


PROFESSIONAL 


The High-School Teacher. E. C. Fontaine. J. Nat. Educ. Assoc., 18, 255-6 
(Nov., 1929).—The teacher not only needs to know how to teach but must be able to 
apply the technic to what he is teaching. He should know life and have an interest 
in important national and international problems. The teacher without background 
keeps his attention on materials of instruction rather than on pupil growth and pupil 
development, and often has the point of view that education is wholly the massing of 
mere facts and information. He does not realize that a transformation in the pupil is 
essential as an outgrowth of education, whereby he will be better able to adapt himse!f, 
and that this is not gained by acquiring facts alone. A. E. C. 

The Mental Health of the Teacher. J. M. ANpREss. J. Nat. Educ. Assoc., 18; 
271-2 (Nov., 1929).—To maintain or acquire good mental health (1) keep in good physi- 
cal condition, (2) cultivate a happy wholesome philosophy of life, (3) have attainable 
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deals, (4) keep the spirit of the learner, (5) cultivate a real interest in your teaching. 
A. ¥.. GC. 
Ethics of the Teaching Profession. W.G. REEDER. J. Nat. Educ. Assoc., 18, 
260-1 (Nov., 1929).—A reprint and a discussion of the ‘‘Ethics of the Teaching Profes- 
sion”’ as adopted by the Nat. Educ. Assoc., July, 1929. See page 181 of Tuts JoURNAL. 
A, 1. 
The Training of Teachers for the New Education. F. R. BonsEr. Progr. Educ., 
3, 111-21 (Apr.-May-June, 1929)—The kind of training of teachers for successful 
work in progressive education differs from that sufficient for those preparing to teach in 
conventional schools. Intellectual acquisition of subject matter is not enough. 
Teachers must know how children grow and how to promote growth. They must 
have a knowledge of interests of children at various age levels and how to guide these 
interests to purposeful activities. More attention must be paid to courses relating to 
individual differences in children, the physical well-being of children, and means of se- 
curing optimum co6dperation between school and home. The resumé of a questionnaire 
study of teachers in progressive schools is included in the article. Dr. Bonser believes 
that teacher-training institutions should develop the following traits in teachers: 
Scholarship or cultural background. 
A progressive conception of education. 
An inquiring, creative, constructive, open-minded attitude. 
An understanding of the behavior, means of growth, and needs of children. 
Training in the technic of teaching under efficient, progressive guidance. 
C. MP. 
Teacher Load in Los Angeles. H. Basson. Calif. Quart., 4, 344 (June, 1929).— 
The Committee of the Los Angeles Principals’ Club recommends the following as a 
guide for teacher load: 


For THREE AND Four-YEAR HIGH SCHOOLS 


Subject Periods per week of Range of teacher 
teaching load per day 

English 25 125 to 160 pupils 
Laboratory Science 28 to 30 100 to 130 pupils 
Shop . 40 60 to 80 pupils 
Home Economics 30 to 40 60 to 120 pupils 
Mechanical Drawing 40 No range suggested 
Music 25 to 30 No range suggested 
Commercial 25 to 30 125 to 225 pupils 
Art 2 30 to 40 No range suggested 
Regular Academic 
Subjects—Math., Eng. f 25 to 175 pupils 
Physical Education : 250 to 300 pupils 


For S1x-YEAR HIGH SCHOOLS 


Subject Periods per week of Range of teacher 
teaching load per day 
English 30 125 to 175 pupils 
Laboratory Science 28 to 30 100 to 130 pupils 
Shop 40 60 to 100 pupils 
Home Economics 35 60 to 120 pupils 
Mechanical Drawing 40 No range suggested 
Music 20 to 30 No range suggested 
Commercial 30 125 to 225 pupils 
Art 2 30 to 40 No range suggested 
Regular Academic 
Subjects—Math., Eng. 30 125 to 175 pupils 
Physical Education 30 250 to 300 pupils 
©: Mee: 


CONTEMPORARY NEWS COMMENTS IN SCIENCE AND EDUCATION 


The World Federation at Geneva. W. C. Ryan, Jr. J. Nat. Educ. Assoc., 18, 
“63-5 (Nov., 1929).—A report of the third biennial conference of World Federation of 
I'ducation Association. ALK, 
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Purdue University’s New Chemical Laboratory. M. G. MELion. News Ed, 
Ind. Eng. Chem., 7, 1-3 (Oct. 20, 1929).—Article contains a description of the new build- 
ing, stressing the unique features. Architect’s sketch and floor plan included. 

M 


. W. G. 
Contributions to Aviation Feature Meeting of Electrochemical Society. Epr1roriA, 
Starr Report. Chem. & Met. Eng., 36, 600-2 (Oct., 1929).—The main session of this 
convention was devoted to a symposium on the contributions of electro-chemistry to 
aeronautics. ‘This report summarizes the papers presented. For the complete program 

see THIS JOURNAL, 6, 1836-7 (Oct., 1929). M. W. G. 
Measurements. W. Buiockx. Instruments, 2, 337-46 (Oct., 1929).—IJnstruments 
has secured the complete rights for publication in the English language of the latest 
book on measurements—‘‘Measurements, Industrial and Scientific: An Instruction 
Book for Engineers’? by Dr. Walter Block. This article is the first instalment of this 
series—CHAPTER I. The Historical Development of the Measuring Science ag the Sys- 

tems of Length and Weight. {.W.G. 

The Popularization of Chemistry. Epi. Science, 70, 302 (Sept. a7 1929) .— 
‘An endowed program utilizing the women’s clubs throughout the country to eduvate 
the public to an understanding of chemistry and its function in national defense was of- 
ficially adopted on September 12th by the Division of Chemical Education at the semi- 
annual meeting of the American Chemical Society meeting in Minneapolis.”” (Editor’s 

Note: This program will be published in an early issue of THIS JoURNAL.) G. H. W. 
The Synthetic Chemistry of the Future. J. F. THorPE. Chem. Age, 31, 235-6 
(Sept. 14, 1929).—The next step ‘which is likely to aid research in organic chemistry in- 
volves a proper understanding of the part played by electrons in determining the course 
of organic chemical reactions. X-ray analysis and the intimate study of colloids should 
supply the means by which many of the obscure processes of nature can be understood. 

E.R. W. 

GENERAL 


Physical Chemistry in the Science of Biology. F. G. Donnan. J. Chem. Soc., 
July, 1929, 1387-98.— First Liversidge Lecture delivered before the Chemical Society on 
Nov. 29,1928. <A brief historical account of the development of the chemical facts and 
theories in the 19th century and the relation of these to the biological sciences. 

M. W. ee 


An Example of the Use of Observation. W.R. Wuitney. Gen. Elec. Rev., 32, 
519-20 (Oct., 1929).—The ability to observe closely and accurately is worthy of So 
ment. The hydroge n-copper brazing process and the atomic hydrogen are-welding proc- 
ess are the result of the development of observations which appeared to have no par- 
ticular value at the time they were made. ‘The former came from observing that copper . 
flowed over an iron gauze which was being treated in an atmosphere of hydrogen. From 
a study of certain reactions in the evacuated tungsten lamp came the deduction that 
hydrogen atoms were present under those conditions and were extremely active, and 
that they could be produced in the electric are. The atomic hydrogen arc was perfected 
from the result of subsequent investigations. H.T..B. 

Building the 200-Inch Telescope. G.E. Hair. Harpers, 159, 720 (Nov., 1929) 
An account of the vast enterprise now engaging American and European scientists to 
construct and equip a gigantic telescope that will dwarf all previous instruments. This 
instrument will be able to penetrate three times as far into space as the Hooker telescope 
at Mount Wilson, now the largest in the world. J. WE. 


Preservation of Publications. The National Research Council has received a 
fund of $10,000 for a codperative investigation with the Bureau of Standards on tlie 
preservation of publications. The investigation planned consists of surveys in public 
libraries to find the existing conditions as to the deterioration of publications and to 
find means of remedying conditions found to be harmful. Consideration will be given 
to all materials used in books and to the influence of the atmospheric conditions ‘1 
libraries. Librarians and others concerned with the preservation of valuable recor«'s 
published in book form have noted with considerable alarm the rapid deterioration if 
many such publications, and there has sprung up a general demand for accurate i1- 
formation which will assist in developing measures to prevent deterioration.—Science 





Local Activities 


Purpose and Organization 


The purpose of the Local Activities Section of the JouRNAL of CHEMICAL Epucation is briefly 


but clearly stated in its title. 


Any items of local news from institutions, A. C. S. Sections, Teachers’ 


Associations, or other organizations which are of such a nature as to make them of more than purely 


local interest rightfully belong to this Section. 


The responsibility of reporting items for this section rests entirely with the local institutions and 


organizations. 


It is desirable to have a representative appointed to report news regularly. 


Suitable 


material sent to the editorial office before the 20th of each month will be published in the following 


month’s journal. 
any items submitted. 
will be largely obviated. 


The Editorial Staff must necessarily reserve the right to abridge or totally reject 
If the following suggestions are followed, however, the necessity for such action 


Material to Be Reported 


Notices of local scholarships or fellowships and announcements of new or unusual courses in chemi- 


cal education or special fields of chemistry. 


Reports of dedication of new science buildings, stressing the unique features. 
News notes concerning activities of prominent scientists and educators and of the honors and 


awards made to them. 


Promotions within, or changes of, personnel of a department. 
Notices of any special gifts to chemical organizations or departments—as fellowships, endowments, 


laboratory gifts, library gifts, etc. 


Accounts of meetings, social functions, exhibitions, chemical entertainments, etc., which might be 


suggestive to other organizations. 
that they be described in some detail. 


Where original or unusual features are included, it is desirable 


Any subscriber to the JouRNAL, desiring new teaching position or seeking eligible candidate for 
teaching vacancy, is entitled to two free announcements yearly in this column. 


Brown University. The new Chemistry 
Club room was formally opened on Friday 
evening, November 15th. A clam chow- 
der supper was served to members of the 
club in the general chemistry laboratory, 
after which a short program dedicating the 

“room was held in the auditorium. Dr. 
CHAMBERS introduced Mr. VIALL, acting 
for the Visiting Committee whose efforts 
made the room possible. He presented 
the keys of the room to Mr. GEorGE C. 
NuTTING, president of the Club. Dr. 
KRAUS and VICE-PRESIDENT MEAD made 
short addresses after which the room was 
formally thrown open. Dr. Mead said 
in his address that universities should 
become centers of learning rather than 
institutions of instruction. It is hoped 
that the club room will be one way of con- 
tributing to this ideal. Later in the 
evening the club room was inspected by 
!)EAN ARNOLD and PRESIDENT BARBOUR. 

Dr. Noyes and Dr. Bacon attended 
the dedication of the new Charles James 
Hall of Chemistry of the University of 
‘New Hampshire on Saturday, November 
‘th. Dr. Kraus addressed the Con- 


necticut Valley Section of the A. C. S. at 
Smith College on November 16th. Dr. 
Noyes read a paper at the meeting of the 
National Academy of Science at Princeton 
University. He also addressed the North- 
eastern Section of the A. C. S. in Boston 
on December 13th. 

Dr. LAFAYETTE B. MENDEL, of Yale 
University, was the December speaker 
for the Rhode Island Section of the A. C. 
S. The meeting was held in the audito- 
rium of the Jesse Metcalf Chemical Lab- 
oratory and the subject was ‘Some 
Chemical Aspects of Nutrition.’ 


Columbia University. Dr. HeENry C. 
SHERMAN, Mitchill Professor of Chemistry 
at Columbia University, lectured on recent 
advances in the chemistry of nutrition 
before the Wisconsin Section of the A. C. 
S. at the University of Wisconsin on 
October 5th; the Milwaukee Section on 
October 7th; the Purdue University 
Section on October 9th. 

PROFESSOR Marston T. BoGErT has 
recently received the following appoint- 
ments: (1) Collaborator in the Bureau of 


203 





204 


Chemistry and Soils, U. S. Dept. of Agri- 
culture, and Chairman of the Advisory 
Board to the Color and Farm Waste 
Division; (2) Member of the Consulting 
Board of the Institute of Cancer Research, 
Columbia University; (3) American Coun- 
cilor of the International Union of Pure 
and Applied Chemistry; (4) Member of 
the Special Endowment Committee of 
the American Chemical Society for the 
Purpose of Furthering Chemical Research. 

PROFESSOR TORSTEN HASSELSTROM, of 
the Technical Institute of Helsingfors, 
Finland, has been appointed an Inter- 
national Research Fellow by the Rocke- 
feller Foundation and has come to Co- 
lumbia to study with Professor Bogert. 

The American Manufacturers of Toilet 
Articles have renewed their support of 
the research work in the perfume field 
which has been going on in the organic 
laboratories under Professor Bogert’s 
direction for the past few years, and the 
following appointments have been made 
on this research fund: Davin Davinson, 
Ph.D., Senior Research Assistant; Don- 
ALD D. MossMANn, M.A., Research Fellow; 
and Victor G. FourMaNn, M.A., Junior 
Research Assistant. 

At the recent celebration of the 175th 
anniversary of the founding of Columbia 
University the honorary degree of Doctor 
of Science was awarded to PROFESSORS 
BoGERT and SHERMAN. The formulas 
used by PRESIDENT BUTLER in awarding 
these degrees were as follows: 

“MARSTON TAYLOR BoGErT, A.B., Co- 
lumbia, 1890, professor of organic chemis- 
try—Lifelong teacher and leader of re- 
search in this university, carrying its 
message of scholarly helpfulness and dis- 


tinction through numberless channels of 
professional association and communica- 


tion at home and abroad, illustrating 
Pope’s lines in all but the adjective: 

‘The starving chemist in his golden 
views, 

Supremely blest.’ 

“HENRY CLAPP SHERMAN, B.S., Mary- 
land Agricultural, 1893; Ph.D., Columbia, 


1897; Mitchill Professor of Chemistry— 
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modest and persistent investigator, master 
of his field, and teaching the truth of the 
saying of Lucretius that what is food to 
one may be fierce poison to others.”’ 

PROFESSOR ViIcTOoR K. LAMER ad- 
dressed the Central Pennsylvania Section 
at State College, Pennsylvania, on No- 
vember 22nd. His topic was ‘Strong 
Electrolytes and Reaction Velocity.” 

Dr. LaMer attended the Minneapolis 
meeting of the A. C. S. in the capacity of 
chairman of the division of physical and 
inorganic chemistry. 

The December issue of Chemical Re- 
views contains the papers read at the Sym- 
posium on Molecular Constitution held 
at the Columbus meeting of the A. C. S. 
last April. Among these are the papers 
by Irvinc Lancmurr, G. W. STEWART, R. 
S. MULLIKEN, C. P. Smytu, and J. W 
WILLIAMS with an introduction by V. K. 
LAMER. ‘The symposium deals primarily 
with the results of X-ray, band spectrum, 
and dielectric constant analysis. 

PROFESSOR A. W. Tuomas addressed 
the American Oil Chemists’ Society on 
November 15th on the subject of ‘‘Surface 
Films of Fats and Fatty Acids.” 

The department of chemistry of Colum- 
bia University has received a grant from 
the Cancer Research Fund of the Gradu- 
ate School of Medicine, University of 
Pennsylvania, establishing a fellowship for 
one year for the quantitative spectro- 
graphic study of the inorganic content of 
normal and abnormal biological material. 
This fellowship is to be known as the 
Dr. J. PackKarRD LAIRD FELLOWSHIP 
and the first award has been made to 
Mr. Rosert J. CRosEN who will work 
under the PrRoFEssor H. 
T. BEANS. 

The organization and equipment o! ¢ 
modern spectrographic laboratory in ‘he 
Chandler Laboratories as an adjunct to ‘he 
sub-department of analytical chemisiry 
have been made possible through gener: us 
gifts by the Royal, BAKING POWDER 
Company and by Mr. and Mrs. Ri 
NALD AUCHINCLOSS. 

PROFESSOR HAMMETT’S book, ‘‘Solutio 


direction of 
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of Electrolytes,’’ was published during the 
fall and is now in use in the courses of 
qualitative analysis. 

Mr. GARFIELD POWELL, formerly as- 
sistant demonstrator of Christ College, 
University of Cambridge, England, and 
recently Fritzsche Fellow at Columbia, 
has succeeded Dr. H. A. IDDLES as instruc- 
tor in organic chemistry. Dr. IDDLEs is 
now head of the chemistry department, 
University of New Hampshire. 


Kansas State Agricultural College. On 
October 26th Dr. EK. A. Dotsy, professor 
of biological chemistry and head of the de- 
partment of chemistry at the St. Louis 
University Medical School, gave a very 
interesting lecture before the local section 
of the A. C. S. His subject was ‘“‘Some 
Chemical Studies of the Ovarian Hor- 
mone.”’ 

On November 14th Dr. R. H. FERGu- 
SON, of the Procter and Gamble Company, 
Ivorydale, Ohio, gave a lecture before the 
local section and visitors on the ‘‘ Physical 
Chemistry of Soaps and Soap Solutions.” 
He exhibited some liquid crystals of soap 
in sealed tubes. 


Lafayette College. Mr. G. W. Scott 
BLAIR, of England, now in this country 
under the Rockefeller Foundation, re- 
cently favored the Gayley Chemical Soci- 
ety of Lafayette College with an address 
on the subject “An Application of the 
Bingham Plastometer to the Study of 
Mr. Blair 
plasticity 


Some Agricultural Problems.” 
expressed the opinion that 
technic has an important bearing on the 
problems of soil structure. 

At the dedication of the new chemistry 
laboratory of Princeton University, Lafay- 
ette College was officially represented by 
PROFESSOR EUGENE C. BINGHAM, head 
f the department of chemistry. 


Lawrence College. The establishment 
{ The Institute of Paper Chemistry, a 
raduate school for the training of chem- 
ts for the pulp and paper industry, is to 
e effected at Lawrence College, according 
‘o a recent announcement. 
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The Institute of Paper Chemistry, 
organized by the college and financed by 
the paper industry of Wisconsin, fully 
ninety per cent of the paper mills being 
represented, is the realization of an ideal 
cherished by HENRY M. WRISTON, presi- 
dent of the college, ever since his connec- 
tion with College in 1925. 
The Institute, which will place Lawrence 
College in a position of unique usefulness 


Lawrence 


both to industry and students, has re- 
ceived the personal endorsement of PREsI- 
DENT HERBERT HOOVER and Dr. JuLIus 
KLEIN of the United States Department 
of Commerce. 

The Institute of Paper Chemistry is 
organized primarily to provide training 
for paper chemists. Requirements neces- 
sarily met in an institute of this nature call 
for an extensive research library and in- 
service, complete and well- 
laboratories for chemical re- 
search, and a faculty of specialists and 
technical experts familiar with the field of 
paper chemistry. The aim of The In- 
stitute of Paper Chemistry as a part of 
Lawrence College will be to provide 
suitable equipment and faculty, leading 
to the possibility of outstanding results in 
the field of chemical research. 

In order that such an institute may ful- 
fil the needs of the paper industry, it will 
be organized as an affiliated institution 
under the control of a Board of Governors 
representing both Lawrence College and 
the paper industry. Participating mills 
will have representative membership in 
the board. This method of organization 
will tend to preserve as near an ideal bal- 
ance as possible between the academic and 
industrial phases of the work of the in- 
stitute. 

The 
functions: 

1. To educate along broad lines stu- 
dents who show adaptibility and pro- 
ficiency in pulp and paper chemistry, a field 
heretofore untouched in this area, and to 
offer graduate work in paper chemistry to 
selected students. This would be supple- 
mented by part-time work in the industrial 


formation 


Institute will have three main 
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laboratories and employment during vaca- 
tion periods in various mills, a contact 
with the industry which should begin in 
the undergraduate years. 

2. To place at the disposal of the in- 
dustry and students the facilities of a 
comprehensive research library and au- 
thoritative information service covering 
subjects relating to the paper industry and 
to paper chemistry. 

3. To centralize and codrdinate re- 
search in the interest of the whole indus- 
try and, when desired, facilitate research 
in specific problems of individual concerns. 


Mellon Institute of Industrial Research. 
IODINE RESEARCH PROGRAM. Since Janu- 
ary 1, 1928, Mellon Institute of In- 
dustrial Research, Pittsburgh, Pa., has 
had in operation a Multiple Industrial 
Fellowship founded for the purpose of 
investigating the properties and uses of 
iodine. This Fellowship, which is sus- 
tained by the Iodine Educational Bureau, 
64 Water Street, New York, N. Y., is 
headed by Dr. GkEorRGE M. KaARNs, 
formerly a member of the chemical faculty 
of the University of INinois. All results 
of the Fellowship studies will be pub- 
lished. 

Recently, through an additional ap- 
propriation from the Fellowship donor, 
Mellon Institute, acting for the Iodine 
Fellowship, has made arrangements for 
the study of certain iodine problems in 
other institutions that have special facili- 
ties for such types of work. On October 
7, 1929, a scholarship was founded at the 
Philadelphia College of Pharmacy and 
Science by a research grant from the In- 
stitute. This scholarship—which, for the 
college year 1929-30, will be held by Mr. 
L. F. Ticek—will have for its aim a broad 
investigation of vehicles and solvents for 
iodine, especially for external use in medi- 
cine. A large number of new organic 
chemicals will be studied as solvents with 
the object of evolving, if possible, a more 
satisfactory preparation than the alcoholic 
tincture now in use. The research, for 
which a definite program has been laid 
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down, will be supervised by PROFESSOR 
CuarRLES H. LAWALL with the advisory 
collaboration of other faculty members of 
the Philadelphia College of Pharmacy and 
Science and with the administrative co- 
operation of Dr. Karns. The investiga- 
tional findings of the scholarship will be 
reported in the literature. 

Another phase of the research program 
includes a grant made on September 26, 
1929, to the Pennsylvania State College 
for a comprehensive investigation—under 
the direction of PROFESSOR E. B. ForBeEs 
of the Institute of Animal Nutrition—of 
the nutritional place and value of iodine 
in the feeding of live stock. Despite the 
large amount of work which has been 
done on the réle of iodine in metabolism, 
especially with reference to the thyroid, 
very little is known regarding the specific 
dietetic aspects of this element, particu- 
larly in the lower animals. Dr. Karns and 
his co-workers on the Iodine Fellowship 
of Mellon Institute are coéperating closely 
with Dr. Forbes and his staff, mainly by 
preparing standardized feeds. The find- 
ings of this research also will be made 
available to the public, in accordance with 
the Iodine Educational Bureau’s policy of 
disseminating to every one interested the 
results of all investigations made under its 
aegis. 

Mellon Institute is giving consideration 
to the founding of a research scholarship 
in a medical school for the purpose of aid- 
ing in the solution of incompletely an- 
swered questions respecting the utility of 
iodine in internal medicine. A number of 
pharmacologists are aiding the Institute 
in determining a program for such phar- 
macodynamic inquiry. 


Monmouth College. On November 2rd 
the chemistry department of Monmouth 
College was host to the Illinois-Iowa Sec- 
tion of the A. C. S. Dr. C. S. Boru’, 
of the University of Illinois State Water 
Research Division, of which Dr. A. \I. 
BUSWELL is the director, gave an interc»t- 
ing illustrated lecture on the subject “Fuel 
Gas from Corn Stalks.” 
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The Ohio State University. Dr. War- 
NER J. MERRILL, who recently completed 
his research work for the Ph.D. degree in 
the department of chemistry, is now in the 
employ of the E. I. du Pont de Nemours 
and Company. 

DEAN and Mrs. WILLIAM MCPHERSON 
have returned from a recent sojourn in 
New Hampshire. Professor McPhersort 
has been on a leave of absence in anticipa- 
tion of his added duties as president-elect 
of the American Chemical Society. 

PROFESSOR EDWARD Hart, president 
and director of the Chemical Publishing 
Company, was a recent visitor in Colum- 
bus as a delegate from Eastern Pennsyl- 
vania to the United States Chamber of 
Commerce Meeting. Dr. H. E. Howk 
was also a delegate to the convention. 

Dr. GEORGE J. RITTER, research chem- 
ist on derived products of the Forest 
Products Laboratory, Madison, Wisconsin, 
addressed the Columbus Section on Octo- 
ber 31st. The stopover in Columbus was 


a part of Dr. Ritter’s itinerary which in- 
cluded The Great Southern Lumber Com- 
pany of Bogalusay La., The New Orleans 
Section, The Southern Division of Paper 
Mill Superintendents of Monroe, La., and 


the University of Illinois Section. The 
speaker showed some excellent photo- 
micrographs exhibiting the cell structure 
of certain woods which he is investigating. 
The work being done by Dr. Ritter and the 
Paper Division of the Forest Products 
Laboratory on pulp and paper and also on 
chemical action on wood is very highly 
regarded. 

Dr. BENJAMIN T. Brooks, of New York 
City, who was a recent guest of the depart- 
ment of chemistry, attended the North- 
western-Ohio State football game. 

PROFESSOR BOANERGES B. MALVEA, of 
wing Christian College, Allahabad, 
India, is taking graduate work for the 
Ph.D. degree in the department of chemi- 
cal engineering. 

The following chemical engineering 
graduates of the University were recent 
visitors: E. A. Hess, ’18, who is now 
supervising chemical engineer of the Sew- 
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age Treatment Plant, Alliance, Ohio; 
MATTHEW BRAIDECH, ’25, who is senior 
chemical engineer in the Department of 
Public Utilities, Baldwin Filtration Plant, 
Cleveland (Mr. Braidech read a paper 
before the Water Purification Convention 
which was held in Columbus the week of 
October 21st and was one of the investi- 
gators in the recent Cleveland Clinic 
investigation, codperating with Dr. R. D. 
MaclLaurin); Mr. F. D. Morrison, who 
is now teaching chemistry in the Batavia 
High School, Batavia, Ohio. 


The Pennsylvania State College. Dr. 
W. H. Ropesusu, professor of physical 
chemistry, University of Illinois, addressed 
the Central Pennsylvania Section of the 
A. C. S. on Monday evening, November 
4th. His subject was ‘‘Is There a Superdry 
State of Matter?” He reviewed the early 
work of Baker and others on the drying of 
substances and pointed out the effect of 
moisture content on the various physical 
constants of substances. 

Tentative plans are being made to ar- 
range some time during the year a special 
meeting which will be of particular interest 
to the high-school teachers of chemistry 
living in the Central Pennsylvania dis- 
trict. 

Mr. F. W. WILLARD, assistant works 
manager of the Carney Plant of the 
Western Electric Company, gave an ad- 
dress entitled ‘’The Engineer and Govern- 
ment,”’ before the engineering, chemistry, 
and physics students on Friday afternoon, 
November 15th. Mr. Willard showed the 
advances which have been made in civiliza- 
tion by the engineer in recent years and 
pointed out the wide gap between law and 
politics on one hand and science on the 
other. 


Princeton University. The Third Or- 
ganic Symposium of the A. C. S. will be 
held at Princeton from Dec. 30, 1929, to 
jan. I, The following 
papers will be read. 

“The Organic Chemistry of the Musks,’ 
Marston T. BoGkErt, Columbia Uni- 
versity. 


1930, inclusive. 


, 
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“Polymerization with Special Reference 
to the Polyesters,’”’ W. H. CAROTHERS, 
du Pont & Co. 

“Recent Advances in Theoretical Or- 
ganic Chemistry,” R. C. Fuson, Uni- 
versity of Illinois. 

“Some Recent Studies on Organo- 
magnesium Compounds,’’ HENRY GILMAN, 
Iowa State College. 

“Recent Studies with the Reagent 
Magnesium-Magnesium Iodide,’’ M. Gom- 
BERG, University of Michigan. 

“The Ring Structures of the Sugars,’ 
C. S. Hupson, U. S. Hygienic Laboratory, 
Washington, D. C. 

“Some New Aspects of the Chemistry of 
Allene and Ketene,’’ C. D. Hurp, North- 
western University. 

“Some Recent Developments in Struc- 
tural Studies with the Cardiac Gluco- 
sides,’ W. A. Jacoss, Rockefeller Institute 
for Medical Research. 

“The Development of a New Technic 
for the Preparation of Pyrimidine Nucleo- 
TREAT B. JOHNSON, Yale Uni- 


’ 


sides,”’ 
versity. 

“Chemical Structure and Optical Ac- 
tivity,” P. A. LEVENE, Rockefeller In- 
stitute for Medical Research. 

“Hexa-Substituted Ethanes Containing 
Acetylene Groups,’’ C. S. MARvEL, Uni- 
versity of Illinois. 

“Tsomerism, Particularly as Illustrated 
in Several Groups of Octanols,” E. E. 
REID, The Johns Hopkins University. 

“Induced Reactions of Organic Com- 
pounds,” T. D. STEwarT, University of 
California. 

“‘A Physical Chemist Looks at Organic 
Chemistry,’”’ H. S. Tayior, Princeton 
University. 

In addition to the reading and discussion 
of the above papers, several colloquia will 
be held. The topics and the committees 
in charge of each discussion group are as 
follows: 

“The 
tions.”” M.L. Cross.Ey, Chairman, Calco 
Chemical Co.; Haro_tp H1IBBERT, McGill 
University; G. A. Hiti, Wesleyan Uni- 


Mechanism of Organic Reac- 
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versity; T. D. Stewart, University of 
California. 

“The Teaching of Organic Chemistry.” 
F. B. Darns, Chairman, University of 
Kansas; E. E. Rem, The Johns Hopkins 
University; JAMES B. Conant, Harvard 
University. 

“An Organic Experience Meeting.” 
L. F. Freser, Chairman, Bryn 
College; GREGG DoUGHERTY, Princeton 
University; L. I. Smitu, University of 
Minnesota. 

Since accommodations at Princeton are 
definitely limited, those planning to attend 
the Symposium should write immediately 
to Pror. F. B. Stewart, Princeton Uni- 
versity, about room reservations. 


Mawr 


Rutgers University. Mr. A. T. Hawk- 
INSON, B.S., M.S., Rutgers, returned 
recently from the University of Miinchen. 
He studied under PROFESSOR FaJANns, de- 
termining the freezing points of solutions 
of electrolytes and comparing the results 
with the prediction of the Debye-Hiickel 
theory. 


State College of Washington. Dr. A. 
A. LEVINE, assistant professor of organic 
chemistry at the State College of Washing- 
ton, who for the past six and one-half 
years has been on the instructional and 
research staff of the department of chemis- 
try, has resigned to accept a research posi- 
tion with the Roessler and Hasslacher 
Chemical Company, Niagara Falls, New 
York. 


Syracuse University. Dr. L. C. Jorpy 
has resigned as professor in the departme1 
of general chemistry at Syracuse Uni 
versity to accept a position in Brothers 
College in New Jersey. Dr. R. D. Nor- 
TON, of the University of North Caroliu 
will take his place. 

The following advanced degrees 
chemistry were granted at Syracuse 
University during the spring and sumn 
The Master’s Degree: Mr. ALots KAur! 
(now chemist at the Solvay Process Co. 
Mr. FRANK STRONG (now  pursui! 
graduate work at the University of \\ 
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consin), Mr. J. C. Munpay (now pursuing 
research work at Columbia University), 
and Mr. Linus WEBB (now instructor in 
chemistry at the University of Rochester). 
The Doctor’s Degree: Mr. L&oroip 
SCHEFLAN (now instructor in chemistry at 
Long Island University). 

Dr. CLAYTON C. SPENCER is offering a 
new course in qualitative and quantitative 
organic chemistry. During the second 
semester practice will be given in micro- 
analytical methods. 

Dr. A. J. KING, for two years national 
research fellow, is offering a course on the 
theory and application of X-rays. The 
laboratory is fully equipped with modern 
X-ray apparatus. 

The Syracuse Section, A. C. S., met this 
year with the Northern New York Sec- 
tions in the annual intersectional meeting 
at Schenectady on December 6th and 7th. 
Symposia on ‘‘Molecular Structure’’ and 
“The Teaching of Chemistry”’ were held. 

New appointments on the staff of in- 
structors of the department are as follows: 
Mr. Cari PoTTENGER of Washington 
University; Mr J. L. Taytor and Mr. 
W. K. SCHNEIDER of the Ohio Wesleyan 
University; Mr. J. R. SCHAFFER of 
Gettysburg College; and Mr. C. R. 
Gow_ER of Acadia University. The de- 
partment employs 14 half-time instructors, 
paying from $750 to $900, depending on 
experience. Those interested should 
write to Dr. R. S. BOEHNER, chairman of 
the department. 


Swarthmore College. On Thursday 
evening, November 14th, Mr. EUGENE 
i. AYRES, director of the Research Labora- 
tory of the Gulf Refining Corporation, 
addressed the Chemistry Club on ‘“Amyl 
Derivatives Obtained from Gasoline.”’ 

On Tuesday, November 19th, Pro- 
*ESSOR Epwarp ELLERY, dean of Union 
College and national secretary of the 
Society of Sigma Xi, addressed the 
Swarthmore Chapter of the Society on 
‘Radioactivity and the New Chemistry.” 


Tufts College. New appointments in 
the department of chemistry, Tufts Col- 
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lege, are as follows: ALBERT Q. BUTLER, 
Wesleyan University, A.B. 1923; A.M. 
1924; Harvard Graduate School, 1924; 
instructor in chemistry. J. CHESTER 
LITTLEFIELD, Boston University, B.S. 
1922; Princeton University, M.S. 1924; 
instructor, North Carolina College for 
Women, 1928-29; instructor in chemistry. 
ARTHUR W. PHILLIPS, Tufts College, B.S. 
1915; Harvard University, M.S. 1921; 
instructor, Massachusetts Agricultural 
College, 1924-27; instructor in chemistry. 


University of Arkansas. The Women’s 
Club Study Course in American Chemis- 
try, prepared by a committee of the Divi- 
sion of Chemical Education, is now com- 
plete, and will appear in an early issue of 
TuHIs JouRNAL. Through the generosity 
of Mr. F. P. Garvan, arrangements have 
been made to furnish the books and other 


* material for the course at an exceptionally 


low price. The details of the course will 
be handled by the Bureau of Women’s 
Clubs, University of Arkansas, Fayette- 
ville, from which complete information 
may be obtained. Every chemist is 
urged to bring this non-technical course to 
the attention of women who might be 
interested. 

Dr. J. E. Miuus, of the National Re- 
search Council, visited the University on 
November 7th while on his tour on behalf 
of the interests of the development of 
chemistry in the southern states. He was 
entertained at luncheon by the Rotary 
Club, and at dinner by the Alpha Sigma 
Chapter of Alpha Chi Sigma, at which 
time he spoke interestingly on the work 
of the Council. 

Dr. Harrison HALE, head of the de- 
partment of chemistry, has been ap- 
pointed chairman of a committee of the 
chemistry section of the Arkansas Edu- 
cation Association for securing subscrip- 
tions to TH1s JOURNAL from the teachers 
of the state. 

The following papers, by members of 
the chemistry staff, were read before the 
annual meeting of the Arkansas Education 
Association, held in Little Rock November 
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13th to 16th: ‘Shall We Teach the 
Chemistry of Today or of Yesterday?” 
Dr. Harrison HAE; “The Student of 
High-School Chemistry Takes a Delayed 
Test,’”’ Pror. ALLAN S. HUMPHREYS. 


University of Chicago. The George 
Herbert Jones Laboratory was occupied 
by the department of chemistry at the 
opening of the autumn quarter. The 
dedication exercises were held December 
16th and 17th. The following program 
was carried out: 


DECEMBER 16TH 
Morning 

Presentation of the Laboratory. 

Acceptance of the Laboratory. Ad- 
dress by PRESIDENT ROBERT M. 
HUTCHINS. 

Presentation of four bronze busts to 
the department of chemistry: 
GEORGE HERBERT JONES, JOHN U. 
NEF, ALEXANDER SMITH, JULIUS 
STIEGLITZ. 

Addresses: . 

“Nef, the Man and “‘Teacher;” 
“Nef, the Investigator;”’ ‘“Smith, 
the Man and Teacher;” “Smith, 
the Investigator; acceptance 
of the bust of the donor; ac- 
ceptance by the present chairman 
of the department of chemistry. 

Afternoon 

A description of the features of con- 
struction of the laboratory by 
PROFESSOR H. I. SCHLESINGER. 

An inspection of the laboratory. 

Evening 

Scientific program on some present 

ana future problems of chemistry. 

“Physical Chemistry,’’ Pror. G. N. 

LEwIs, University of California. 

“Chemistry as Applied to Industry,” 

C. H. MacDowEL. 


DECEMBER 17TH 
Morning 
Scientific program on some present 
and future problems of chemis- 
try. (continued) 
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“Inorganic Chemistry,’ PROFESSOR 
CHARLES A. Kraus, Brown 
University. 

“Organic Chemistry,’”’ PROFESSOR 
M. GomBeErG, University of 
Michigan. 

“Organic Chemistry,’’ PROFESSOR 
M. Kuwarascnu, University of 
Chicago. 

“Chemistry and Medicine,’’ Pro- 
FESSOR CARL VOEGTLIN, Hy- 
gienic Laboratory of the U. S. 
Public Health Service. 


University of Florida. The 24th mect- 
ing of the Florida Section of the A. C. S. 
was held in Gainesville on the afternoon 
and evening of Saturday, October 19th. 
The meeting was a special one held in 
connection with the visit of Dr. J. HE. 
MILLS, chairman of the division of chemis- 
try and chemical technology of the Na- 
tional Research Council. The afternoon 
session took the form of a round table dis- 
cussion, led by Dr. Mills. Following out 
the usual custom of the Section, dinner 
was served for the entire group at the 
White House Hotel at 6.30. 

At the evening meeting, Dr. Mills gave 
an address, taking for his general subject, 
“Opportunities Open to Local Sections of 
the A. C. S.” Curator B. J. OTTE re- 
ported briefly upon the fall meeting of the 
A. C. S. in Minneapolis. 

The meeting was well attended by 
chemists from all parts of the state. 


University of Iowa. Dr. R. H. FEercu- 
SON, of the Procter and Gamble Company, 
addressed the Iowa Section of the A. C. 
on November 11th on “The Phase Rule 
Viewpoint in Industry.” 

Dr. D. V. Mosss, of the du Pont Am- 
monia Corporation, Charleston, W. Vz, 
visited the University on November [4t! 

Dr. FRANK J. Dosrovo.ny, of tic 
Roessler Hasslacher Chemical Company, 
visited the chemistry department 
November 18th. 

Dr. RoBERT REIDER, of Graz, Austria, 
International Research Associate at tile 
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University of Iowa, spoke to Iota Sigma 
Pi Fraternity on November 4th on the sub- 
ject ‘‘Education in Austria.”’ 

The chemistry department codperated 
with the other science departments in the 
Conference of Science Teachers which 
was held at Iowa City, October 24-26th. 

Dr. A. H. Kunz, Ph.D., Iowa, 1928, 
who was National Research Council 
Fellow at California Institute of Tech- 
nology in 1928-29, is now chief chemist 
with the Minerals Increment Company, 
Los Angeles, California. 


University of Maryland. G. B. CooKE, 
who has been an instructor in inorganic 
chemistry and received his Ph.D. in June, 
has accepted a research position with 
Armstrong Linoleum Company at Lancas- 
ter, Pennsylvania. 

Alpha Chi Sigma Chapter entertained 
the sophomore chemists at a Smoker and 
Card Party on November 10th. 

Dr. M. M. Harinc has accepted an 
invitation to give lectures in colloidal 
chemistry under the auspices of the U. S. 
Department of ‘Agriculture. These will 
be given every Monday and Friday 
evening this semester in the Agriculture 
Building at Washington, D. C. 

Dr. L. E. Borst, of the State Control 
Laboratory, has been re-elected secretary 
of the Feed Control Officials. 

On November the 18th, Dr. C. C. 
HowkEs, of the Davison Chemical Com- 
pany of Baltimore, gave a very interesting 
talk to the chemistry faculty and students 
on “What the Industries Require of a 
Chemist.” 


University of Nebraska. DeEan F. W. 
Upson, chairman of the chemistry depart- 
ment, attended the meeting of the Associ- 
ition of American Universities held at 
Columbia University the week of No- 
vember 4th. While in the east he visited 
he graduate schools at Princeton and 
Columbia. Dr. Upson recently was ap- 
pointed head of the graduate school at the 

niversity of Nebraska. 

The 144th regular meeting of the Ne- 
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braska Section of the A. C. S. was held at 
Chemistry Hall, November 13th. The 
meeting was addressed by Dr. R. H. 
FERGUSON, of Cincinnati, on the subject, 
“Physical Chemistry of Soaps and Soap 
Solutions.’”’ Dr. Ferguson is connected 
with the chemical division of the Procter 
Gamble Co. In his address he 
remarkable 


and 


stressed the achievements 


made by the application of theoretical 
chemical principles to the manufacture of 


soap. By means of the phase rule the 
soap manufacturer is now able to cut to a 
minimum losses which resulted from the 
formation of what is known industrially as 
“‘middle-soap.”” Thus he has _ passed 
from chance and luck to scientific control 
with enormous savings. 

Dr. Ferguson and the faculty of the 
chemistry department were entertained 
at dinner at the Phi Lambda Upsilon 


- house preceding the meeting. 


The November number of the Journal 
of the American Chemical Society published 
a paper by Dr. B. CLirForRD HENDRICKS 
with one of his students on the subject, 
“The Permeability of Hot Metals to 
Hydrogen.”’ Dr. Hendricks is associate 
professor of chemistry at Nebraska. 

Dr. FE. R. WASHBURN, assistant pro- 
fessor of chemistry, has an article, ‘“The 
Existence of Potassium Alum in the Sur- 
face Layer of Aqueous Solutions,” in the 
November issue of the Journal of Physical 
Chemistry. 

Dr. SAMUEL AVERY addressed the open 
meeting of the Nebraska Chapter of Phi 
Lambda Upsilon, October 29th, on the 
subject of ‘Personal Reminiscences.” 
Dr. Avery, now research professor in the 
chemistry department, compared the out- 
look for research now with that at the 
time he was doing his own graduate work. 
He mentioned important discoveries made 
during his time, and told of his own 
work at Heidelberg. He spoke also of 
the advantages to the individual of com- 
mercial work in comparison with educa- 
tional work. 

Following the address, Mr. WARREN 
STEINBACH, president of the chapter, made 
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the award of the annual Phi Lambda 
Upsilon scholarship for superior work in 
freshman chemistry to Mr. CHARLES ELy. 

The open meeting was preceded by a 
dinner given by the graduate students for 
the faculty at the University Club. 


University of North Carolina. A re- 
search fellowship, listed as A. P. I. Project 
No. 41, has been granted to the University 
of North Carolina by the American Pe- 
troleum Institute. The title of the proj- 
ect is “‘The Preparation and Properties of 
the Thiophanes.”” Mr. MILLER CONN 
holds the fellowship, which is under the 
direction of Dr. R. W. Bost. 

The Robert Ober Fellowship has been 
established by the G. Ober and Sons Com- 
pany through the President, Gustavus 
OBER, Jr., for finding the chemical and 
physical data necessary to the formulation 
or invention of economic processes utiliz- 
ing sulfur dioxide and natural phosphor- 
ites. The incumbent, A. E. HuGHEs, 
M.S. (University of North Carolina, 1929), 
is a candidate for the doctor’s degree, 
working under the direction of Dr. FRANK 
K. CAMERON. 

Dr. JAMES M. BELL, head of the de- 
partment of chemistry, succeeds the late 
Dr. A. H. PATTERSON as dean of the school 
of applied science at the University of 
North Carolina. After Dr. Patterson’s 
death in the fall of 1928, Dr. Bell served as 
acting until last June when he 
accepted the appointment as dean. 

The Rho Chapter of the Alpha Chi 
Sigma Fraternity entertained in honor of 
the new men in chemistry on the evening 
of September 20th. The feature of the 
evening was a talk by Dr. F. P. VENABLE 
who is now in his fiftieth year of active 
service at the University of North Caro- 
lina. The story of these fifty years was 
told briefly by Dr. Venable. The scene of 
his arrival at this university fifty years 
ago, the meager facilities, the lack of 
physical equipment and funds for develop- 
ing the study of chemistry, stand out in 
striking contrast to the present fully 
equipped, new chemistry laboratory. 


dean 
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There are now nine professors of chemistry 
and twenty-two graduate students, as 
well as some five hundred undergraduate 
students in chemistry. The laboratory is 
known as Venable Hall of Chemistry, in 
honor of Dr. VENABLE. 

University of Notre Dame. Graduate 
degrees were awarded in 1929 to W. L. 
FoouEy, Ph.D.; Fr. RayMonp Murcu, 
M.S.; WALTER ToussaINT, M.S.; A. J. 
Boy.LeE, M.S.; BRoTHER ALBEUS, M.S.; 
SISTER AMEDIA, M.S.; SISTER EpITH, 
M.S. 

Fellowships and Scholarships 
awarded to FE. A. WILHELM, M.S., Gras- 
selli Fellowship; Haroip Bowtus, B.S., 
du Pont Fellowship; C. D. Carr, B.S., 
McCanna Scholarship. 

The following graduate students plan 
to finish their work for the Ph.D. degree 
at Notre Dame during the current school 
year: H. D. Hinton, M.S., University of 
Chicago, 1926; F. J. Mootz, M.S., Notre 
Dame, 1928 (instructors in chemistry); 
and E. A. WILHELM, M.S., 1928 (Fellow). 

FATHER Murcu, M.S., has been ap- 
pointed instructor in freshman chemistry. 

P. A. McCusker, H. A. PERSYN, and 
R. A. WEPPNER hold graduate assistant- 
ships in general chemistry. 

Dr. W. E. STuRGEON, assistant pro- 
fessor of chemistry, received the Ph.D. 
degree from the University of Chicago at 
the summer convocation. 

The September meeting of the St 
Joseph Valley Section, A. C. S., held in the 
chemistry hall, University of Notre 
Dame, was addressed by Dr. HENRY \W. 
HEss, of Toledo, whose subject was ‘The 
Modern Trend in the Glass Industry 
The speaker for the October meeting w 
Dr. Gustav EGcLorFr of The Univers: 
Oil Products Co., Chicago. He discuss 
“The Cracking of Oils.” 

The following are the newly elect 
officers of the St. Joseph Valley Sectic 
L. J. Lovett, Singer Mfg. Co., charm 
PRoFEssor E. G. Manin, University of 
Notre Dame, vice-chairman; M. '! 
TaGGarT, Taggart Varnish Co., secreta’ 


were 
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C. M. HArGRAVE, Hargrave Paint and 
Varnish Co., treasurer; V. C. BIDLACK, 
O’Brien Varnish Co., member-at-large; 


Fr. J. A. NIEUWLAND, Notre Dame, mem- 
ber cf the national council. 


University of Pittsburgh. PROFESSOR 
ALEXANDER SILVERMAN, head of the de- 
partment of chemistry of the University of 
Pittsburgh, delivered an address at the 
Bankers Industrial Exposition, New York 
City, on Thursday, October3 1st, on ‘‘Glass: 
An Indispensable Commodity.”’ 

The Bankers Industrial Exposition is a 
permanent international” exhibit at 11 
West 42nd Street, New York City, at 
which talks are given daily on various 
phases of industry and technology. 

The increasing importance of micro- 
chemistry has been the impetus for a small 
scale experiment on a selected group of 


freshman students at the University of ° 


Pittsburgh. The plan is being tried under 
Dr. E. V. Hjort. This is probably the 
first attempt to use miniature apparatus 
and small quantities of chemicals in teach- 
ing freshman cHemistry in America. It is 
believed that not only more but better 
work can be accomplished in this manner. 
The progress of the student will be 
watched throughout his college career, and 
the results will be published from time to 
time. 

PROFESSOR SILVERMAN addressed the 
Chicago Section of the A. C. S., Friday 
evening, November 22nd, on ‘Glass 
Manufacture in the Twentieth Century,” 
at the City Club of Chicago. 


University of Utah. Dr. W. D. Bonner, 
head of the chemistry department, left the 
first of August on a one-year sabbatical 
leave to study chemistry at the California 
Institute of Technology. Dr. JouHn R. 
Lewis, of the University of Wisconsin, is 
taking the place of Dr. Bonner, teaching 
»hysical chemistry, advanced qualitative 
inalysis, and chemistry seminar. 

“Cceal and Its Utilization”’ is an unusual 
‘ourse in chemistry offered by the Exten- 
ion Division of the University this year. 
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The Utah coal producers felt that a more 
complete understanding of coal combus- 
tion and utilization by the public would 
aid in solving the smoke problem of Salt 
Lake City. Dr. THomas B. BRIGHTON 
has charge of the course. 

Wednesday evening, October 16th, 
Dr. E. L. Quinn, who is preparing a 
monograph on carbon for the 
American Chemical Society, delivered a 
very interesting and educational lecture 
on that subject at a meeting sponsored by 
Alpha Chi Sigma. 


dioxide 


University of Virginia. Dr. SIpNEy S. 
NeEcus, head of the department of chemis- 
try at the Medical College of Virginia, 
delivered the 1929 Alpha Chi Sigma lec- 
ture on ‘‘Chemistry in General’’ before one 
of the largest audiences which has ever 
met in the chemical building. The ad- 
dress was accompanied by the display of 
an exhibit comprising well over one hun- 
dred specimens of chemical art, ranging in 
nature from an all-rayon evening costume 
on a live model to the irradiation of the 
audience by the ultra-violet in the course 
of the explanation of egosterol. Among 
other outstanding features was a photo- 
electric cell exhibit loaned by the General 
Electric laboratories in Schenectady, by 
means of which the lecturer, in this, the 
golden jubilee year of the electric light 
bulb, turned on the lights in the room by 
lighting a match. The of the 
audience was maintained at top pitch 
throughout, and the annual event thus 
sponsored by Alpha Kappa chapter of the 
professional fraternity proved to fulfil the 
purpose for which the series is held. 


interest 


University of Wisconsin. ARTHUR A. 
Harwoop (Ph.D., 1929) has accepted a 
position in the department of pharmacy at 
Mr. A. H. Umut, of the de- 
completing his graduate 
PROFESSOR KREMERS of 


Valparaiso. 
partment, is 
studies under 
Wisconsin. 
Radio talks will be given by members of 
the Wisconsin Section over WHA during 
the present school year. WHA operates 
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on a frequency of 940 kilocycles. The 
talks are given each Tuesday at 12.05 P.M. 
Members of the staff who have recently 
given talks and their subjects are: No- 
vember 12th, H. N. CaLDERWoop, “The 
Chemical Fire Extinguisher.’”’” Novem- 
ber 19th, F. C. Krausxopr, ‘‘Chemistry 
in World Flights.”” November 26th, C. H. 
Sorvum, “Rain Water Has a Competitor.” 
December 3rd, R. W. GETCHELL, ‘‘Little 
Keys to Mighty Doors—the Enzymes.” 
December 10th, H. Ditrmar, ‘‘Our Debt 
to Sulfur.’”” December 17th, F. DANIELS, 
“The Fields of Chemical Research.” 

Regular bi-weekly chemical movies are 
being shown under the auspices of the 
department of chemistry. The movies at 
Wisconsin are in their fourth year, having 
been inaugurated under the direction of 
the late PROFESSOR GEORGE KEMMERER. 
That the effort meets with approval is 
evidenced by the fact that attendance 
often runs well over two hundred, although 
student attendance is not compulsory. 

ProFessor R. A. RaGatz is on leave of 
absence for 1929-30. He is organizing 
the metallographic laboratory for the A. 
O. Smith Corporation, Milwaukee, Wis- 
consin. 

Mr. EvuGENE C. RaGatz has been ap- 
pointed instructor in chemical engineering 
for 1929-80. 


West Virginia University. Four speak- 
ers from the University of West Virginia 
appeared on the program of the meeting of 
the Kanawha Valley Section of the A. C. S. 
held at Charleston, W. Va., on October 
29, 1929. Dr. F. E. Crark, head of the 
department of chemistry at the Uni- 
versity, addressed the meeting on the 
subject, ‘‘The Trend of University Co- 
operation with Industry.” Davip B. 
REGER, senior geologist of the State Geo- 
logical Survey, spoke on the subject, “‘Gas 
in West Virginia South of Charleston.” 
Dr. C. A. Jacosson, professor of chemis- 
try in the university, spoke upon ‘The 
Dependence of Industry upon Organized 
Research.” B. F. KapLan, chemist of 
the Survey, took as his subject, ‘The 
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Recovery of Chemicals from Acid Mine 
Waters.” 

On Friday evening, November 22nd, Dr. 
LAWRENCE W. Bass, of the Mellon In- 
stitute, Pittsburgh, Penna., addressed 
the Northern West Virginia Section of the 
American Chemical Society, his subject 
being ‘‘The Economic Effect of Industrial 
Research.” 

On the same evening, at an earlier hour, 
PROFESSOR WALTER KOEHLER, of the 
staff of the Chemical Engineering Faculty, 
West Virginia University, addressed the 
members of the West Virginia Scientific 
Society, taking as his subject, ‘““A Survey 
of the China and Whiteware Industries of 
West —*Virginia.”’ Professor Koehler 
showed many specimens of china which 
were sent him by West Virginia manu 
facturers, and which are to form a part of 
the display in the Chemical and Ceramics 
Engineering at the University. 


Central Texas Section, A. C. S. On 
November 2nd, the Central Texas Section 
of the A. C. S. met at Southwestern Uni- 
versity, Georgetown, Texas. On _ the 
program were Dr. J. E. M11, chief of the 
division of chemistry and chemical tech- 
nology of the National Research Council, 
who spoke on the work of the Council, and 
Proressors FE. P. Scuocnu, J. R. BAILey, 
W. A. FEusrinc, and H. L. Locuts of the 
University of Texas, who spoke on the 
results of certain of their investigations. 
Southwestern University entertained the 
gathering of about 45 guests at a dinner 
provided through the efforts of Dr. J. C. 
GopBEy, professor of chemistry at Soutli 
western University and chairman of the 
Central Texas Section. 


Cincinnati Section, A. C. S. The 309t!: 
meeting of the Cincinnati Section of tl! 
A. C. S. was held in the auditorium of th 
chemistry building of the University « 
Cincinnati on Wednesday, Novemb: 
13, 1929, at 8.00 P.M. 

The speaker, PROFESSOR WILLIAM 
Luoyp Evans, chairman of the departmen'! 
of chemistry, the Ohio State Universit) 
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discussed ‘‘Some Recent Advances in 
Carbohydrate Chemistry.’’ The lecture 
was illustrated with lantern slides. 

Dr. Evans has been professor of chemis- 
try at Ohio State since 1905 and became 
chairman of the department last year, 
succeeding PROFESSOR WM. MCPHERSON, 
who is now president-elect of the A. C. S. 
Dr. Evans recently was awarded the 
Nichols medal for his fundamental work 
in the field of carbohydrates. His re- 
searches have included dissociation phe- 
nomena in aromatic carbinols; oxidation 
of organic compounds and carbohydrate 
chemistry. 


Sioux Valley Chemists’ Club. A meet- 
ing of the Sioux Valley Chemists’ Club was 
held in Sioux City, Iowa, on November 2, 
1929. The program arranged was as 
follows: 

Report of the national meeting of the 
A. C. S. at Minneapolis, by Dr. A. M. 
PARDEE, head of the department of 
chemistry, University of South Dakota. 

“Chemistry in the Meat Packing Indus- 
try,” by Mr. C, E. SHEPARD, chief chem- 
ist, Armour & Co., Sioux City Plant. 

“Some Problems in High-School Chem- 
istry,” by Mr. H. W. Baker, Central 
High School, Sioux City, Iowa. 


Southwest Virginia Chemists’ Club. At 
Hotel Roanoke on October 12th, some 
twenty-two chemists of the Roanoke area 
enjoyed an instructive address about the 
Minneapolis meeting by Dr. J. W. War- 
Son of the Virginia Polytechnic Institute. 
The members of the club were also enter- 
tained by Dr. F. F. Moreueap, of the 


Wood Acids Corrode Lead Cable Sheathing. 
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Viscose Company, with lantern slides 
which illustrated the use of photography 
as a means of chemical investigation. 
Dr. H. I. JOHNSON demonstrated to those 
present the beauty of colored moving 
pictures of flowers. 

Mr. H. P. Jockers, of the Stauffer 
Chemical Company, which is a new or- 
ganic chemical manufacturing concern of 
Roanoke, and Miss M. P. KELLER, of 
Hollins, joined the club at this meeting. 

The Virginia Section of the A. C. S. had 
the annual joint meeting with the local 
club on November 9th at Hollins College. 

The hospitality and social greetings of 
Hollins were expressed by Mr. Estes 
CockE to the eighty members and guests 
at the dinner hour in the Kellar. The 
formal meeting was held in the Little 
Theatre at 8 P.M. under the leadership of 
Mr. C. E. Cox, chairman of the Virginia 


Section. 


An instructive and popular address on 
‘The Progress of Radioactivity”’ was given 
by Dr. Wituiam Guy, of William and 
Mary College. Some of the ideas he 
emphasized concerning radioactive studies 
were: the transmutation of elements by a 
“family tree’’ arrangement; velocity of 
molecules; age of radioactive substances; 
forces and energy associated with radio- 


active phenomena; utility of radioactivity 
in medicine: isotopes verification; geology 
(rock age determinations). 

Miss HARRIET FILLINGER, president of 
the local chemists’ club, announced that 


Dr. Lewis HoweE would address the 
members and their friends on January 11, 


1930, at Hollins College. 


The creosoted wood conduits in 


which lead-coated telephone cables are sometimes cased for protection may, under 
some circumstances, become a menace instead of a means of preservation, according to 


R. M. Burns and B. L, Clarke of the Bell Telephone Company. 


In a communication 


presented before the American Chemical Society recently they told of discovering in 
the air contained in such conduits appreciable quantities of volatile acids capable of 


orroding the lead sheathing. 


They have devised a method of estimating the quantity 


of such acids present, and told of their findings on a number of different kinds of lum- 


ber.— Science Service 














Fundamentals of Modern Chemistry. 
HERBERT R. SmituH, M.A., Lake View 
High School, Chicago, and Harry M. 
Mess, B.A., Nicholas Senn High School, 
Chicago. First edition. Henry Holt 
& Co., New York City, 1928. vii + 
266 pp. Illustrated. 13 X 19 cm. 
$1.36. 

This text, one of the authors of which 
was a member of the committee of the 
American Chemical Society on Chemical 
Education, which prepared the ‘“‘Standard 
Minimum Outline’ for high-school chem- 
istry, is admirable for its brevity. It has 
to be almost telegraphic in places to ac- 
complish this achievement. The design 
of the text is to help the student who has 
made an experimental approach to the 


topics of chemistry through the authors’ 


“Modern Experimental Chemistry” (see 
review immediately following) to sort out 
and consolidate the fundamentals from 
the mass of details and to evolve the 
principles from the collection of facts. 

The authors believe that there is too 
much detail in the average textbook of 
chemistry and that the student suffers 
from a scattering of his attention. One 
meritorious feature of the book is its pro- 
vision of projects for the more capable 
We are accused of neglecting our 
Here is one text that 
The make-up 


pupils. 
leaders in America. 
attempts to care for them. 
of the lessons is such that the “contract 
plan’? may be used if desired. So differ- 
ent is this book from the ordinary text 
that the teacher must see a copy for him- 
self to really appreciate it. 
FRANK B. WADE 


SHORTRIDGE HIGH SCHOOL 
INDIANAPOLIS, INDIANA 


Modern Experimental Chemistry. HEr- 
BERT R. Smitu, M.A., Lake View High 
School, Chicago, and Harry M. MEss, 


B.A., Nicholas Senn High School, Chi 

cago. First edition. Henry Holt & 

Co., New York City, 1928. xviii + 204 

pp. Illustrated. 25 X 19cm. $1.00 

This book, by the 
“Fundamentals of Chemistry, 
above, is a loose-leaf laboratory manual. 

It contains 85 exercises and in addition 
very much good explanatory material such 
as is more often found in the textbook. 
The electronic explanation of oxidation 
and reduction, for example, is furnished. 
It is liberally illustrated and is as volumi- 
nous as the text is brief. This is of course 
due to the thesis of the authors to the 
effect that the laboratory approach to 
chemistry is the most effective. There is 
much good material of the ‘‘practical”’ sort 
including a large amount of elementary 
organic chemistry. A real teacher must be 
had to go along with this manual but the 
combination should bring results. 

FRANK B. WADE 


SHORTRIDGE HIGH SCHOOL 
INDIANAPOLIS, INDIANA 


authors as 
” reviewed 


same 


Principles of Chemistry. JosErH H. Ror, 
Ph.D., Professor of Chemistry, George 
Washington University Medical School, 
Washington, D. C. Second edition. 
The C. V. Mosby Company, St. Louis, 
1929. 427 pp. 13.5 K 20cm. $2.50. 
The object of this book is to present a 

text ‘“‘to meet the requirements of tlic 

forty-five- to sixty-hour course in chem 
istry for nurses, recommended by tlic 

National League of Nursing Education 

The second edition follows the gener! 

plan of the first but has been somewh.t 

enlarged, the text proper consisting of 250 

pages and 132 pages of laboratory dir¢ 

tions and blank pages for notes. Abor' 
one-half of the book is devoted to ino 

ganic chemistry, the other half to orgatc 
and the physiological aspects of chemistry, 
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such as digestion and metabolism. New 
chapters on the blood, urine, and internal 
secretions have been added. 

The book is well written and the ma- 
terial is presented as simply as possible. 
The theoretical principles are kept down to 
a minimum and only the ones that are 
essential are introduced. Several new ex- 
periments have been added, including the 
analysis of group one, to illustrate meth- 
ods of separation and identification. The 
book seems to be quite suitable for its in- 
tended purpose, but in the time usually 
allotted to a course of this type, much of 
the material would have to be omitted. 


D. C. LICHTENWALNER 


x 
PHILADELPHIA, PENNA. 


Applied Inorganic Analysis. W. F. HILLE- 
BRAND, late Chief Chemist, U. S. Bu- 
reau of Standards, and G. E. F. Lun- 
DELL, Chemist, U. S. Bureau of Stand- 
ards. John Wiley & Sons, Inc., New 
York City, 1929. xix +929pp. 15 X 
23.5 cm. $8.50. 


Any treatise bearing the names of the 
present authors and dealing with analyti- 
cal problems should command the re- 
spectful attention of all chemists. The 
long connection of the late Dr. Hillebrand 
with the U. S. Geological Survey and his 
later work as Chief Chemist of the Bureau 
of Standards, together with his important 
contributions to the science of analytical 
chemistry, have made his name familiar. 
And the junior author has, in this volume, 
ably seconded his superior in the prepara- 
tion of a book which will eventually prove 
to be an essential part of the library of all 
inalytical chemists. 

The first six hundred pages, most of 
which is the work of Dr. Lundell, is an ex- 
tended and detailed discussion of general 
principles of analytical procedure and of 
special determination of the elements, in- 
cluding practically the entire list. This 
part is so comprehensive, and at the same 
time so detailed, that it approaches the 
cistinction of being called a complete 
reference work. 
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The next two hundred pages are taken, 
with some changes by the junior author, 
from Dr. Hillebrand’s treatise, ‘The 
Analysis of Silicate and Carbonate Rocks,”’ 
first published as Bulletin 422 and later, 
revised and enlarged, as Bulletin 700, of 
the Geological Survey. This bulletin has 
long been considered a thorough and 
authoritative treatise on the subject and 
its inclusion as an integral part of the new 
book will be a source of satisfaction to 
those who will own and use the book. 

The last devoted to the 
analysis of soda-lime glass and of bauxite 


division is 


and other refractories of high alumina 
content. This is the work of Dr. Lundell. 

The text is well written and it is reason- 
ably free from small errors, some of which 
inevitably escape the vigilance of proof 
readers of first editions. The reviewer 
commends the book to all who deal with 
analytical problems. It is too large and 
comprehensive to serve as a text in col- 
leges, except in advanced courses, where 
it will prove valuable to student 
teacher alike. But every chemist who is 
engaged in the work of applied analysis 


and 


will want the book. 
E. G. MAHIN 


UNIVERSITY OF NOTRE DAME 
Notre DAME, INDIANA 


Introduction to Quantitative Analysis. 
Epwarpb G. Manin, Ph.D., Professor of 
Analytical Chemistry and Metallurgy 
in the University of Notre Dame. First 
edition. McGraw-Hill Book Co., Inc., 
New York City, 1929. xii + 227 pp. 

14 X 20cm. $2.25. 

This book is an abridgment of the 
author’s more comprehensive book on the 


32 figures. 


same subject and is designed for courses 
in elementary quantitative analysis par- 
ticularly ‘‘in colleges whose major work is 
in the field of liberal arts.’’ Itis, therefore, 
unfortunate that the point of view of the 
technical analyst, for whom the larger 
book is primarily designed, should also be 
prominent in this book. It is probably 
expecting too much of one,author to pre- 
sent the subject in both ways. 

The technic of gravimetric analysis is 
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first described, after which methods are 
given for nine common determinations. 
In the chapter on electroanalysis there is 
a brief—too brief—discussion of the 
theory and of the apparatus, followed by 
procedures for the determination of five 
metals. The latter half of the book is de- 
voted to volumetric analysis, with a few 
pages on silicate analysis. Thus the ex- 
ercises cover the ground usually included 
in an elementary course. Considerable 
space is devoted to apparatus and its cali- 
bration. The method of volumetric cal- 
culations is rather illogical and follows too 
closely that for gravimetric processes, 
using conversion factors—again the tech- 
nical point of view. It is not the best for 
that type of student for which the book is 
written. More stress should be laid on the 
normal system, which has so many advan- 
tages. The author objects to the use of 
“correction factors’? even though ex- 
pressed in terms of normality, although 
most chemists will disagree with him on 
this point, especially when the solution is 
not entirely stable. 

Even in an elementary book the student 
should be given the best method for the 
purpose, taking into consideration the re- 
sults of recent research. Sometimes this 
has been done, for example, in the use of 
diphenylamine as indicator in the titra- 
tion of ferrous iron by dichromate. 
Oftener it has been neglected. The pro- 
cedure for determining magnesium on page 
74 is open to serious criticism. The per- 
chlorate method for potassium on pages 
71-72 is the antiquated one of Wenze, 
with no mention of the numerous im- 
provements published during the subse- 
quent thirty-eight years. 

The book contains numerous mistakes. 
On page 200 it is evident that the reaction 
between AgCl and Fe(CNS)3 is due to the 
lower solubility of AgCNS, the reference 
being incorrectly quoted. On page 63 it 
is stated that BaCOs can be ignited and 
weighed as BaO; on page 79, that oxy- 
acids of halogens may be reduced to the 
hydracids by warming with H.02. The 
author has italicized on page 151 the 
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amazing statement that an alkali solution 
must always be standardized in the pres- 
ence of the indicator that is to be used in 
the determination. But if the alkali were 
standardized against potassium acid 
phthalate, using phenolphthalein as indi- 
cator and subsequently used to titrate the 
excess of acid in a determination of am- 
monia, it is obvious that the same indi- 
cator would be entirely useless. He con- 
siders it quite unnecessary to remove car- 
bonate in preparing standard alkali! 

In the discussion of oxidation and re- 
duction the author has introduced the 
very useful method devised in 1880 by O. 
C. Johnson, except that instead of the 
term ‘‘bond’’ or ‘‘oxidation number’’ he 
uses ‘‘apparent valence.” 

The book contains discussions of most 
of the theories and principles involved, 
but these are entirely too brief and need to 
be extended and amplified by lectures 
when the book is used as a text. The im- 
portance of thorough training in this part 
of the subject cannot be too strongly em- 
phasized. 

H. H. WILLARD 


UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 


Solutions of Electrolytes with Particular 
Application to Qualitative Analysis. 
Louis P. Hammett, Ph.D., Associate 
Professor of Chemistry in Columbia 
University. First edition. McGraw- 
Hill Book Co., New York City, 1929. 
xi + 211 pp. 11 figures; 5 tables. 
20 X 14cm. $2.50. 

Since Dr. Stieglitz appears disinclined 
to rewrite the classic first volume of his 
“Qualitative Analysis,’ it was inevitable 
that some younger man should have a ¢' 
at restating in the light of advances since 
1912 the topics there set forth. Dr. Han 
mett’s essay appears to the reviewer to | 
notably successful. 

The general principles applicable to th 
behavior of electrolytes in solution are d: 
veloped in the following order: Stror 
Electrolytes, The Solubility Product Prin 
ciple, Weak Electrolytes, Hydrolysi 
Compounds, Oxidation-Reduction. Tl 
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presentation of these topics is clear and 
sufficiently simplified. ‘The treatment of 
strong electrolytes is in accord with pres- 
ent views. The salt effect, hydration of 
ions and electrostatic repulsion and attrac- 
tion in concentrated solutions are duly em- 
phasized but without introducing the con- 
cepts of free energy and activity coeffi- 
cients. Each of the seven chapters is 
completed by a brief but well-selected 
bibliography of references to standard 
texts and important papers and by a set of 
problems. 

Part II consists of laboratory exercises, 
planned for one semester. These include 
the separation and detection of the com- 
mon cations essentially according to the 
methods of A. A. Noyes. 

A valuable feature of the book is an ex- 
tensive list of instructive and not too 
complicated lecture experiments. 

Teachers of analysis will find this book 
distinctly valuable, particularly those who 
agree with the author that ‘‘a course in 
qualitative analysis is an ideal method of 
presenting and illustrating by copious ex- 
amples the genetal principles relating to 
the behavior of solutions of strong electro- 
lytes; and that this part of physical chem- 
istry is an indispensable part of the prep- 
aration for advanced work in chemistry 
and for the study of medicine and engi- 
neering.” ‘The author has kept well in 
mind the simplicity of treatment essential 
for immature students. The reviewer 
imagines that in preparing the book many 
a temptation to include this and that 
fascinating result of recent research was 
regretfully but wisely overcome. 

A. R. MIDDLETON 


PURDUE UNIVERSITY 
LAFAYETTE, INDIANA 


English and Science. Pumire B. Mc- 
DonaLp, Associate Professor of Eng- 
lish, College of Engineering, New York 
University. D. Van Nostrand & Com- 
pany, New York City, 1929. vii + 192 
pp. 21 X 15cm. Price $2.00. 


Although addressed more particularly 
te engineering and science students, this 
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book should prove of service to all who 
have occasion to use the English language 
As the author 
been 


for professional purposes. 
states: “‘A determined effort has 
made to present an analysis of English for 
the professional man in a more interesting 
and readable form than books on this sub- 
ject usually attain.” 

The author emphasizes the importance 
of simplicity and clearness of style and he 
gives numerous examples of letters, papers, 
and reports to illustrate what he has in 
mind. The book is written in an inter- 
esting style should prove ‘“‘easy”’ 
reading to the student. While not so 
stated by the author, it is evident that the 
book is intended for collateral reading 
rather than for a classroom text. 

The sixteen chapters are entitled as fol- 
lows: The Importance of Written Records; 
Writing and Presenting a Technical Paper; 
Informal, Third-Person Style; 
Reports Informal, First-Person Style; 
Good Letters and Bad; Correct Lan- 
guage, the Basis of All Writing; Obscurity, 
Pomposity, and Ornateness; The Amateur 
Delight; Science, The Cardinal Secret of 
Style; Sentence Structure; The Difficult 
Art of Punctuation; Mastering Words; 
Listed Expressions; Cultural Reading for 
the Technical Student; An Example of 
Reading in the History of Science; Sug- 
gested Readings about Invention. 


and 


The last three chapters are intended to 
guide the student in cultural reading in 
the sciences. In Chapter XIV the author 
presents some views on the narrowing 
tendencies of a scientific education. He 
takes the point of view that a scientist is a 
specialist: ‘‘a man who doesn’t know any- 
thing else’ or ‘“‘a man who knows more 
These ex- 


eS 


and more about less and less. 
pressions the author quotes from the say- 
ings of a university president. Even a 
professor of English ought to know better 
than to lean too heavily on so slender a 
reed. To illustrate his point the author 
holds up Cavendish as a “horrible ex- 
ample.’”’ Why go so far back into history 
to find an illustration of present-day con- 
ditions? And is not the picture rather 





220 


over-drawn? How about such men as 
Helmholtz, Hoffman, Pasteur, Faraday, 
Tyndall, and others, who not only made 
epochal advances in science but who like- 
wise were able to and did interpret science 
to the general public? Too many writers 
have the mistaken notion that the scien- 
tist is a specialist, whose knowledge ex- 
tends only to a few minutiae of his sub- 
ject and whose interest in life generally is 
negligible. Such writers give the public 
an erroneous or, even, grotesque impres- 
sion of science and scientists. The three 
chapters of the book just referred to will 
probably prove of little assistance to the 
student or the professional man in his 
quest for culture; on the other hand they 
may well give him a distorted picture of 
the interrelation of knowledge. 

The book as a whole is excellent and 
may be recommended to students, teach- 
ers, and others, who have occasion to use 
the English language in conveying their 
ideas to others. 

CHARLES A. KRAUS 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


Vancorum Review. Volume 1, Number 1, 
of this publication appeared in October, 
1929. It is to be issued quarterly by 
the Research Department of the Vana- 
dium Corporation of America, 120 
Broadway, New York City, and will in- 
clude a resumé of current literature on 
vanadium, its alloys and compounds. 
The foreword sums up the purpose of 
this new periodical: 


“«..In these days of rapid technologic 
progress, comprehensive recording of 
scientific, technical, and industrial facts 
pertaining to specialized lines of endeavor 
should be helpful to industry. With this 
aim in view, the Vanadium Corporation of 
America brings forth this publication so 
that industry may be apprised of the prog- 
ress achieved from day to day in the 
fields of alloys, steels, chemicals, and other 
products of its manufacture. This pub- 
lication will cover not only industrial 
applications but also technical and scien- 
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tific data obtained by its own research 
staff and by others.”’ 


DEPARTMENT OF THE INTERIOR, 
BUREAU OF EDUCATION PUBLICA- 
TIONS 


These publications may be obtained 
from the Superintendent of Documents, 
U. S. Government Printing Office, Wash- 
ington, D.C. Price is indicated with each 
one. 


Land-Grant Colleges and Universities. 
WALTER J. GREENLEAF, Associate Spe- 
cialist in Higher Education. Bulletin 
No. 13. 81 pp. $0.15. 


Contains reports on the funds appro- 
priated annually by the government for 
the land-grant colleges and universities 
and on the conditions existing in these in- 
stitutions for the year ending June, 1930. 


Statistics of Teachers’ Colleges and Nor- 
mal Schools, 1927-1928. Prepared by 
Frank M. Phillips, Chief of the Division 
of Statistics. Bulletin No. 14. 71 pp. 
$0.10. 


Teacher-Training, 1926-1928. BENJAMIN 
W. Frazier, Specialist in Teacher - 
Training. Bulletin No. 17. 35 pp. 
$0.10. 


Secondary Education. Cari A. JESSEN, 
Specialist in Secondary Education. 
Bulletin No. 22. 19 pp. $0.05. 


Trends in Home Economics Education, 


1926-1928. EMELINE S. WHITCOMB, 
Specialist in Home Economics Educ:- 
tion. Bulletin No. 25. 22 pp. $0.0 


Review of Educational Legislation, 192° 
1928. Warp W. KEESECKER, Assista:) 
Specialist in School Legislation. Bui/'e- 
tin No. 27. 20 pp. $0.05. 


Publications Available September, 192). 
27 pp. Gratis. 





